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Surgical Removal of Subfoveal Neovascularization in the 


Presumed Ocular Histoplasmosis Syndrome 





Matthew A. Thomas, M.D., and Henry J. Kaplan, M.D. 


We treated two patients with presumed ocu- 
lar histoplasmosis, subfoveal neovascular 
membranes, and progressive visual acuity 
loss to 20/400. Vitreoretinal surgical tech- 
niques were used to remove the subfoveal 
membranes. Visual acuity returned to 20/20 
with seven months of follow-up in one patient 
(Case 1) and to 20/40 with three months of 
follow-up in the other patient (Case 2). No 
evidence of persistent or recurrent subretinal 
neovascular membranes in either patient have 
been noted. These preliminary results suggest 
that vitreoretinal surgical techniques may be 
successful in mechanically removing sub- 
foveal neovascular membranes with preserva- 
tion of overlying neurosensory retina and 
thus preservation of central visual acuity. 


Tue Macutar PHOTOCOAGULATION STUDY has 
proven laser therapy to be effective for extra- 
foveal neovascularization (200 to 2,500 pm 
from the center of the foveal avascular zone) 
secondary to presumed ocular histoplasmosis.! 
Furthermore, laser therapy has proven to be 
effective for juxtafoveal subretinal neovascular- 
ization (1 to 199 wm from the center of the 
foveal avascular zone) in eyes with presumed 
ocular histoplasmosis and idiopathic disease 
but only in association with normotensive age- 
related macular degeneration.** The Macular 
Photocoagulation Study Group initiated a pilot 
study of laser therapy of subfoveal neovascu- 
larization, which complicated the presumed 
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ocular histoplasmosis syndrome. The preserva- 
tion or recovery of lost central vision, however, 
is not expected with this modality of treatment. 
Currently, laser therapy is not advised routine- 
ly for subfoveal neovascular membranes in 
presumed ocular histoplasmosis. Given the gen- 
erally poor natural course of subfoveal neo- 
vascular membranes in presumed ocular histo- 
plasmosis, we undertook a surgical approach to 
remove the membrane with the objective of 
preserving the potential for central vision. 


Patients and Methods 


Patients with fundus findings of the pre- 
sumed ocular histoplasmosis syndrome with 
subfoveal neovascularization, in whom the vis- 
ual prognosis was believed to be extremely 
poor, were identified. Treatment options, in- 
cluding observation, laser ablation of the neo- 
vascular membrane and overlying fovea, and 
neovascular membrane excision, were dis- 
cussed in detail and informed consent was 
obtained from the patient for surgery. 

Best-corrected visual acuity was determined 
for each eye separately. Fundus photographs 
and a recent (within 72 hours of surgery) fluo- 
rescein angiogram were obtained. 

On a screen in the operating room, we pro- 
jected an arteriovenous phase frame from the 
recent angiogram. The projected image was 
reversed and inverted to match the surgeon’s 
view through the microscope, and fundus land- 
marks were identified carefully. After a pars 
plana vitrectomy, a retinotomy site was se- 
lected outside the fovea adjacent to the leading 
edge of the neovascular membrane. The retina 
was cauterized lightly with the tapered 20- 
gauge endodiathermy probe. A small, full- 
thickness hole in whitened neurosensory retina 
was then made with the myringotomy blade. A 
30-gauge blunt tip needle was introduced into 
the retinotomy, and gentle infusion of balanced 
salt solution created a limited neurosensory 
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detachment overlying the membrane, retinal 
pigment epithelium, and Bruch’s membrane. 
This separation allowed manipulation with 
picks and forceps in the subretinal space while 
minimizing trauma to neurosensory retina. 
Since the retinotomy was eccentric to the fovea, 
the shaft of the pick or forceps was used to push 
the elevated retina until the instrument reached 
the subfoveal neovascular membrane. The in- 
strument tip could be visualized through neu- 
rosensory retina. 

Picks with an angle greater than 90 degrees 
(such as the Olk 130-degree pick) facilitated 
manipulation of the membrane without striking 
retinal pigment epithelium or Bruch’s mem- 
brane with the heel of the instrument. The pick 
was used to separate the membrane from adja- 
cent retinal pigment epithelium or neurosenso- 
ry retina. Angled forceps (such as the de Juan 
forceps) allowed reaching under the neurosen- 
sory retina to grasp the membrane. 

To minimize the risk of hemorrhage when the 
membrane was avulsed from its choriocapillaris 
connection, we increased intraocular pressure 
transiently by raising the infusion bottles. No 
significant bleeding was encountered. Once the 
membrane was dislodged or dissected free, it 
was grasped with the forceps and removed 
through the pars plana sclerotomy. An air-fluid 
exchange was then performed, and light endo- 
photocoagulation burns were placed around 
the retinotomy, sparing foveal retina. Sulfur 
hexafluoride or perfluoropropane gas was left 
in the eye to tamponade the retinotomy. 


Case Reports 


Case 1 

A 42-year-old woman had a five-day history 
of metamorphopsia in her left eye. Visual acu- 
ity was R.E.: 20/20 and L.E.: 20/60—2 with a 
neurosensory detachment involving the fovea 
and subretinal blood eccentric to the fovea in 
the left eye (Fig. 1). Both eyes had chorioretinal 
lesions consistent with the presumed ocular 
histoplasmosis syndrome. Fluorescein angiog- 
raphy confirmed an extrafoveal membrane, and 
the patient underwent argon green photocoag- 
ulation (Fig. 2). Within six weeks the subretinal 
blood and neurosensory detachment cleared 
and visual acuity improved to 20/25-—3. Fluo- 
rescein angiography showed obliteration of the 
subretinal neovascular membrane. 

The patient returned two months later with a 





Fig. 1 (Thomas and Kaplan). Case 1. Visual acuity 
reduced to 20/60-—2 by an extrafoveal subretinal 
neovascular membrane with a neurosensory detach- 
ment involving the fovea. 


central scotoma in the left eye with visual 
acuity of 20/400 eccentrically (Fig. 3). Fluores- 
cein angiography demonstrated a subfoveal re- 
currence of the neovascular membrane (Fig. 4). 
Visual acuity remained at the 20/200 to 20/400 
level during six weeks of observation. 

In this patient, the retinotomy was made 
inferotemporal to the fovea on the edge of the 
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Fig. 2 (Thomas and Kaplan). Case 1. Fluorescein 
angiogram of the extrafoveal subretinal neovascular 
membrane before photoceagulation. 
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Fig. 3 (Thomas and Kaplan). Case 1. Recurrent 
neovascular membrane emanating from the edge of 
the previous photocoagulation scar has extended 
beneath the fovea and reduced visual acuity to 20/ 
400. 





Fig. 5 (Thomas and Kaplan). Case 1. Ten weeks 
after surgical removal of the subretinal neovascular 
membrane. Visual acuity improved to 20/25-—3. The 
retinal pigment epithelial defect beneath the fovea 
has been partially covered by migration, prolifera- 
tion, or both from adjacent retinal pigment epitheli- 
um. 
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Fig. 4 (Thomas and Kaplan). Case 1. Fluorescein 
angiogram of neovascular membrane demonstrates 
progression beneath the fovea. 


previous laser scar. As we expected, the neuro- 
sensory retina remained adherent to the 
Bruch’s-retinal pigment epithelium complex at 
the site of the previous photocoagulation. After 
the myringotomy blade was used to create a 
full-thickness hole in diathermized retina, ver- 
tical intraocular scissors were used to enlarge 








Fig. 6 (Thomas and Kaplan). Case 1. The fluoresce- 
in angiogram ten weeks postoperatively shows stain- 
ing of the retinal pigment epithelium in the fovea and 
around the retinotomy and laser scars. No subretinal 
neovascularization is seen. 
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the hole slightly. (We subsequently found such 
enlargement to be unnecessary.) A spatula pick 
was used to dislodge this neovascular mem- 
brane from surrounding retinal pigment epithe- 
lium and underlying Bruch’s membrane with 
minimal force. The membrane tilted on edge 
and was easily grasped with forceps. Since the 
eye was phakic, 20% sulfur hexafluoride gas 
was used for intraocular tamponade. 

At one week postoperatively, pinhole visual 
acuity was 20/200 in the left eye with no 
apparent recurrence of the membrane. By one 
month postoperatively, a halo in the retinal 
pigment epithelium corresponding to the area 
of intraoperative neurosensory detachment 
was noted. The retina was thickened around the 
retinotomy but remained attached. 

Ten weeks postoperatively, visual acuity im- 
proved to 20/25-—3 (Fig. 5). By three months, 
visual acuity improved to 20/20 and remained 
at this level with follow-up of seven months 
since the operation. Repeat fluorescein angiog- 
raphy confirmed staining of the retinal pigment 
epithelium, but neither recurrence nor persist- 
ence of subretinal neovascularization has oc- 
curred (Fig. 6). 


Case 2 

A 42-year-old man had a two- to three-week 
history of blurring and metamorphopsia in the 
right eye. Visual acuity was R.E.: 20/25 and 
L.E.: 20/20. Minimal peripapillary retinal pig- 
ment epithelial atrophy was seen, and periph- 
eral lesions consistent with presumed ocular 
histoplasmosis syndrome were observed. Punc- 
tate flecks of blood lay beneath the center of the 
right fovea; fluorescein angiography confirmed 
a subfoveal neovascular membrane. Given the 
good visual acuity, no laser therapy was ad- 
vised. Oral prednisone was used without effect. 

Over the ensuing three months, visual acuity 
declined in the right eye to 20/400. A neuro- 
sensory retinal detachment developed, and 
subretinal blood increased in the right macula 
overlying the enlarging neovascular membrane 
(Figs. 7 and 8). The patient underwent surgical 
excision of the membrane approximately four 
months after the onset of symptoms. 

In this patient, the retinotomy was placed 
approximately 1 mm superior to the fovea. The 
spatula pick was used in an unsuccessful at- 
tempt to dislodge the edge of the subretinal 
neovascular membrane. The edge of the mem- 
brane, however, could be discerned and was 
grasped with the pick forceps. Three attempts 
at grasping the membrane were made without 


success. Finally, the membrane was successful- 
ly grasped and came free with gentle traction. 
The membrane separated from the adjacent 
retinal pigment epithelium with only a small 
rim of retinal pigment epithelium adherent to 
the membrane. The diode endolaser was used 
to create retinal burns around the edge of the 
retinotomy, and a total air-fluid exchange was 
performed. Sulfur hexafluoride gas (20%) was 
left in the eye at the conclusion of the proce- 
dure. 

During the first four weeks postoperatively, 
the neurosensory macular detachment persist- 
ed, and visual acuity remained 20/200. By the 
fifth week, the retina flattened, all the remain- 
ing blood resorbed, and visual acuity improved 
to 20/50+2. Repeat fluorescein angiography 
disclosed hyperfluorescence at the edge of the 
retinotomy scar, as well as the disturbed retinal 
pigment epithelium in the fovea. No neovascu- 
lar membrane persisted or recurred with three 
months of follow-up, and visual acuity im- 
proved to 20/40+1 (Figs. 9 and 10). 





Results 





Microscopic examination of the tissue in each 
case was similar (Fig. 11). The subfoveal neo- 
vascular membranes consisted of a basement- 
membrane matrix, proliferated retinal epitheli- 
al cells, endothelial cells, and capillaries. 





Discussion 





The classic triad of the presumed ocular his- 
toplasmosis syndrome, as first described by 
Woods and Wahlen,” includes scars and hemor- 
rhagic detachment of the macula, peripheral 
atrophic punched-out chorioretinal lesions 
(histo spots), and peripapillary chorioretinal 
scarring. Visual prognosis in patients with mac- 
ulopathy is poor. Schlaegel® reported that one 
in 44 patients with a histoplasmosis scar in the 
macula had a chance of recurrence in the macu- 
la over the ensuing three years. If no scars were 
noted, however, the chances for the develop- 
ment of the maculopathy were reduced to one 
in 50 patients. In most patients, the maculopa- 
thy is caused by a subretinal neovascular mem- 
brane with an associated serous or hemorrhagic 
detachment of neurosensory retina that leads 
to severe visual impairment. The neovascular- 
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Fig. 7 (Thomas and Kaplan). Case 2. Subfoveal 
neovascular membrane with a serous neurosensory 
detachment and subretinal blood with visual acuity 
decreased to 20/400. 


ization most frequently develops at the site of 
an old, healed chorioretinal scar. Although 
there are discontinuities of Bruch’s membrane 
in the peripheral retinal lesions, for reasons 
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Fig. 9 (Thomas and Kaplan). Case 2. Two months 
after surgical removal of subfoveal neovascular mem- 
brane the retinal pigment epithelial defect is partially 
covered by adjacent cell migration, proliferation, or 
both. 
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Fig. 8 (Thomas and Kaplan). Case 2. Fluorescein 
angiogram of subfoveal neovascular membrane pres- 
ent in Figure 7. 


that remain unclear these are rarely associated 
with neovascularization and disciform scar- 
ring.’ 

In any patient with presumed ocular histo- 
plasmosis and subfoveal neovascularization, 
the anticipated natural progression of the dis- 
ease as well as the risks and benefits of laser or 
surgical intervention must be carefully consid- 
ered. Although most patients who develop 
macular subretinal neovascular membranes 





Fig. 10 (Thomas and Kaplan). Case 2. Fluorescein 
angiogram demonstrating no persistent or recurrent 
subretinal neovascular membrane postoperatively. 


6 AMERICAN JOURNAL OF OPHTHALMOLOGY 


January, 1991 








— `~ 


Fig. 11 (Thomas and Kaplan). Case 2. Subfoveal 
neovascular membrane in which the retinal pigment 
epithelial cells are at one edge. The basement-mem- 
brane matrix contains scattered fibroblasts and endo- 
thelial cells (hematoxylin and eosin, X 400). 


will have severe visual loss, a small percentage 
of such patients will maintain good visual acu- 
ity. Olk, Burgess, and McCormick* identified 
clinical findings in patients with presumed ocu- 
lar histoplasmosis that correlated with a good 
visual outcome: age less than 40 years, good 
initial visual acuity, membrane extent less than 
200 um beyond the center of the foveal avascu- 
lar zone, and involvement of less than 50% of 
the foveal avascular zone. As Campochiaro and 
associates? recently described, some patients 
with presumed ocular histoplasmosis will have 
spontaneous involution of the subfoveal neo- 
vascular membranes. A pigmented ring around 
the neovascular membrane may be a favorable 
prognostic sign. Some cases of improvement in 
presumed ocular histoplasmosis maculopathy 
may actually represent resolution of inflamma- 
tion in a focus of choroiditis, rather than invo- 
lution of a membrane. 

In our two patients, we believe spontaneous 
improvement or stability was extremely unlike- 
ly given the progressive loss of vision, increas- 
ing subretinal fluid, enlargement of the mem- 
branes, and the occurrence of subretinal 
hemorrhage in the patient in Case 2. 

Argon laser photocoagulation in the Macular 
Photocoagulation Study” was found to be use- 
ful in preventing severe visual loss in eyes with 
extrafoveal subretinal neovascular membranes 
caused by ocular histoplasmosis. In the obser- 
vation group, 43 of 90 eyes (48%) lost six or 
more lines of visual acuity in three years of 
follow-up, compared with nine of 104 eyes 
(9%) in the laser treatment group. When the 


histoplasmic neovascularization was juxtafo- 
veal (1 to 200 pm from the center of the foveal 
avascular zone), krypton laser was beneficial in 
preventing severe visual loss.* The Macular 
Photocoagulation Study protocol includes 
treatment of the entire area of hyperfluores- 
cence on fluorescein angiography in an effort to 
achieve complete obliteration of the neovascu- 
larization. Nevertheless, regardless of the laser 
treatment modality, there is either direct (ther- 
mal) or indirect (by damage to the retinal pig- 
ment epithelium) injury of the overlying neuro- 
sensory retina. Thus, the preservation of 
central vision with subfoveal neovasculariza- 
tion after laser treatment is not expected. 

The surgical technique we used is a modifica- 
tion of that previously reported for the hemor- 
rhagic and fibrous complications of age-relat- 
ed macular degeneration by de Juan and 
Machemer,!! as well as those used for the evacu- 
ation of submacular hemorrhage.” We em- 
phasize the creation of a small retinotomy, 
followed by the creation of a serous neurosen- 
sory detachment. This allows access to the 
fibrovascular membrane with minimal trauma 
to the overlying neurosensory retina. We were 
surprised by the large size of the membranes 
compared to their fluorescein angiographic ap- 
pearance, as well as the well-defined character 
of the fibrovascular proliferation, which ap- 
peared to lie on Bruch’s membrane and to be 
intimately associated with the adjacent retinal 
pigment epithelium. The fibrotic nature of the 
membranes confirmed by histopathologic ex- 
amination provided them with a tenacious 
quality that allowed them to be separated from 
adjacent normal retinal pigment epithelium 
and to be grasped by forceps. The fibrovascular 
membrane appeared to be adherent at the site 
of the previous photocoagulation scar (Case 1) 
or to the point at which the subretinal neovas- 
cular membrane emanated from the chorioca- 
pillaris and extended through Bruch’s mem- 
brane (Case 2). We speculate that the relatively 
normal adjacent retinal pigment epithelium 
filled in the surgical defect by migration, prolif- 
eration, or both. 

The surgical avulsion of the fibrovascular 
membrane did not result in significant intraop- 
erative hemorrhage. Intraocular pressure was 
increased transiently through the infusion can- 
nula at the time of surgical avulsion. However, 
when intraocular pressure was reduced to nor- 
mal levels no recurrent bleeding was observed. 
The area of denuded retinal pigment epitheli- 
um and exposed Bruch’s membrane was readily 
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apparent both intraoperatively and postopera- 
tively. We speculate that with the passage of 
time spreading occurred, as well as prolifera- 
tion, of adjacent retinal pigment epithelium to 
cover the defect. 

We observed a dramatic improvement in visu- 
al acuity (to 20/20 in Case 1 and 20/40+1 in 
Case 2) in both our patients. The excellent 
visual recovery in the patient described in Case 
1 has now been maintained for 4% months 
(seven months since surgery) and in Case 2 for 
two months (three months since surgery). We 
remain cautious with regard to the long-term 
prognosis of this procedure, however, because 
the underlying pathophysiologic abnormalities 
have not been reversed. Nevertheless, there has 
not been a recurrence of subretinal neovascu- 
larization postoperatively. Surgical interven- 
tion carries its own inherent risks, including 
retinal tears and detachments, nuclear sclerosis 
and posterior subcapsular cataract, and micro- 
bial endophthalmitis. Only with longer follow- 
up and additional cases will the relative risks 
and benefits of such surgery be established. 

Recent advances in intraocular surgery 
have allowed us successfully to remove 
subfoveal neovascularization associated with 
the presumed ocular histoplasmosis syndrome 
through a small retinotomy. Exciting future 
possibilities include both transposition of reti- 
nal pigment epithelium from within the same 
eye as well as the potential for retinal pigment 
epithelial and neurosensory transplantation.” 
We have extended our interest in the surgical 
removal of subfoveal neovascular membranes 
to age-related macular degeneration and angi- 
oid streaks. 
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Causes of Failure After Initial Vitreoretinal Surgery for 


Severe Proliferative Vitreoretinopathy 





Hilel Lewis, M.D., Thomas M. Aaberg, M.D., and Gary W. Abrams, M.D. 


We performed initial vitreoretinal surgery 
on 81 eyes with rhegmatogenous retinal de- 
tachments complicated by severe proliferative 
vitreoretinopathy. Of 81 eyes, 68 (84%) had 
undergone previous scleral buckling. We per- 
formed vitreous base dissection on all 18 eyes 
(22%) that had anterior proliferative vitreoret- 
inopathy. With one vitreoretinal operation, 66 
of 81 eyes (81%) remained totally reattached. 
The main cause of initial anatomic failure and 
reoperation was either new or recurrent pro- 
liferation at the vitreous base. With addi- 
tional vitreoretinal surgery and after a mean 
follow-up period of 19 months, 73 of 81 retinas 
(90%) were totally reattached. The final causes 
of anatomic failure were anterior proliferative 
vitreoretinopathy and proliferation from re- 
laxing retinotomies. Of the 73 successfully 
reattached eyes, 62 (85%) had postoperative 
visual acuity of 5/200 or better. 


ProtireRATIVE VITREORETINOPATHY is the most 
common cause of failure of retinal detachment 
surgery, which occurs in approximately 7% of 
all cases.’ The success rates of vitreoretinal 
surgery in reattaching eyes that develop this 
complication range from 14% to 80%.** Lewis 
and Aaberg” emphasized the anterior com- 
ponent to proliferative vitreoretinopathy, de- 
fined as cellular proliferation with contraction 
occurring at or anterior to the posterior inser- 
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tion of the vitreous base. Based on vector trac- 
tionai forces, anterior proliferative vitreoreti- 
nopathy was classified as anteroposterior, 
circumferential, and perpendicular. With a 
broader understanding of all the components 
and the pathologic anatomy of proliferative 
vitreoretinopathy and using vitreoretinal surgi- 
cal techniques that have been derived from this 
knowledge, we studied the spectrum of results 
and causes of failure in eyes undergoing vitrec- 
tomy for the first time for a rhegmatogenous 
retinal detachment complicated by severe pro- 
liferative vitreoretinopathy. 





Patients and Methods 





Between 1983 and 1986, 81 eyes of 79 pa- 
tients underwent the first vitreous surgery at 
the Medical College of Wisconsin for rhegma- 
togenous retinal detachments complicated by 
severe proliferative vitreoretinopathy. We in- 
cluded eyes that had undergone previous scler- 
al buckling, but we excluded eyes that had 
undergone previous vitreous surgery. We also 
excluded eyes with proliferative vitreoretinop- 
athy secondary to ocular trauma, giant retinal 
tears, diabetic retinopathy, inflammatory dis- 
eases, or vaso-occlusive diseases. 

The study group of 81 eyes had a follow-up 
period ranging from six to 62 months (median, 
19 months). At initial manifestation and at the 
last follow-up examination, we recorded best- 
corrected visual acuity, anterior and posterior 
segment examination findings, and intraocular 
pressure. Posterior proliferative vitreoretinopa- 
thy was graded according to the classification 
adopted by the Retina Society Classification 
Committee.” Anterior proliferative vitreoreti- 
nopathy was defined and graded according to 
the classification proposed by Lewis and 
Aaberg.” 

A scleral buckle was placed in the 13 eyes 
without a pre-existing scleral buckle, and in 
three eyes the scleral buckle was revised. A 
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circumferential broad buckling effect was creat- 
ed with a 7-mm grooved silicone tire. A cata- 
ractous lens was removed through the pars 
plana in 12 eyes, and a relatively clear lens was 
removed in seven eyes to approach anterior 
proliferative tissue directly. The posterior lens 
capsule was removed completely by intraocular 
forceps after breaking the zonules with alpha 
chymotrypsin.“ Of the three eyes with an ante- 
rior chamber intraocular lens, one eye required 
an exchange in which the anterior chamber 
intraocular lens was removed and a posterior 
chamber intraocular lens was placed. In the 
remaining two eyes, the anterior chamber intra- 
ocular lens was removed but not replaced. A 
posterior chamber intraocular lens was not re- 
moved in the remaining 15 pseudophakic eyes. 
After the posterior vitreous was removed, scler- 
al depression was used to resect the basal vitre- 
ous gel for 360 degrees until no additional 
vitreous could be removed. In eyes with ante- 
rior proliferative tissue, surgical approach to 
anterior proliferative tissue preceded the re- 
lease of posterior traction.™'* Perpendicular 
anterior proliferative vitreoretinopathy was re- 
leased by removing the contracted anterior and 
posterior hyaloidal surfaces to open the ante- 
rior retinal funnel. According to the severity, 
anteroposterior traction was released by mak- 
ing an incision with the myringotomy blade in 
the anterior and posterior hyaloidal surfaces or 
by making an incision with the myringotomy 
blade and scissors to separate the iris or pars 
plicata from the posterior insertion of the vitre- 
ous base. Once the circumferential retinal 
trough was opened, the basal vitreous gel was 
resected with the vitreous cutter until no addi- 
tional vitreous could be removed and the cir- 
cumferential retinal trough disappeared.’”8 
Circumferential anterior proliferative vitreoret- 
inopathy was released by incisions transsecting 
the posterior and anterior borders of the vitre- 
ous base until the radial retinal folds that ex- 
tended posteriorly from the posterior border of 
the vitreous base were eliminated. Sharp hori- 
zontal or vertical cutting scissors were often 
used in one hand and either an illuminated pick 
or intraocular forceps (using coaxial light from 
the operating microscope) in the other hand to 
fixate the vitreous base while manipulating the 
scissors through the contracted tissue. After the 
anterior proliferative tissue was approached, 
posterior epiretinal membranes were dissected 
with a combination of a myringotomy blade, 
illuminated or nonilluminated pick, and intra- 
ocular forceps. If subretinal membranes pre- 


vented retinal reattachment, they were re- 
moved after posterior epiretinal membrane 
dissection using previously described tech- 
niques.” Despite anterior and posterior mem- 
brane dissection, two eyes had persistent reti- 
nal traction that prevented the retina from 
reattaching, and a relaxing retinotomy was per- 
formed. The retina was then reattached by 
transvitreal evacuation of subretinal fluid to- 
gether with a fluid-air exchange by an automat- 
ed air pump. Subretinal fluid was drained 
through a pre-existing retinal break by a cannu- 
lated subretinal fluid aspirator or by perform- 
ing a drainage retinotomy superior to the optic 
nerve head. Endolaser photocoagulation was 
then used to treat all retinal breaks, drainage, 
or relaxing retinotomies, and was also placed 
on the scleral buckle indentation at the vitreous 
base for 360 degrees. In 74 eyes, the air was 
exchanged with a 14% concentration of perflu- 
oropropane, and in the remaining seven eyes it 
was replaced with silicone oil. The scleral buck- 
le was elevated before closing the sclerotomies. 





Results 





Of the 81 patients, 54 were men and 27 were 
women. The mean age of the patients was 57 
years. There were 52 right eyes and 29 left eyes. 
Forty-nine eyes had undergone previous cata- 
ract surgery (18 eyes were pseudophakic), and 
68 eyes (84%) had had previous scleral buck- 
ling. All 81 eyes had posterior proliferative 
vitreoretinopathy. According to the Retina So- 
ciety classification,” 19 of 81 eyes (23%) were 
graded as C1 to C3 proliferative vitreoretinopa- 
thy (full-thickness fixed retinal folds in one, 
two, or three quadrants, respectively) and 62 of 
81 eyes (77%) were graded as D1 to D3 prolifer- 
ative vitreoretinopathy (fixed retinal folds in 
four quadrants of wide, narrow, or closed fun- 
nel shape, respectively). Of 81 eyes, 24 (30%) 
had a subretinal component to the posterior 
proliferative vitreoretinopathy. Of 81 eyes, 18 
(22%) had anterior proliferative vitreoretinopa- 
thy. Of these 18 eyes, 12 (67%) had all three 
tractional forces, anteroposterior, circumferen- 
tial, and perpendicular; five eyes (28%) had 
anteroposterior and circumferential tractional 
forces; and one eye (6%) had only circumferen- 
tial anterior proliferative vitreoretinopathy.!""™ 

All 81 eyes were reattached intraoperatively. 
After the initial vitreoretinal surgery, 29 of the 
74 eyes (39%) in which gas was used underwent 
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an outpatient fluid-gas exchange. After the ini- 
tial vitreoretinal surgery, 15 of 81 eyes (18.5%) 
redetached; 13 of these 15 eyes redetached 
totally and the remaining two eyes redetached 
only anterior to the scleral buckle. These two 
eyes had severe hypotony and loss of ocular 
integrity despite posterior retinal reattachment. 

Retinal redetachment occurred three weeks 
to nine months after surgery, with 13 of the 15 
eyes redetaching within four months of sur- 
gery. The causes of initial total retinal rede- 
tachment included the following: new tissue 
proliferation at the vitreous base (anterior pro- 
liferative vitreoretinopathy) in four of the 15 
eyes (27%); recurrent or continued reprolifera- 
tion at the vitreous base (anterior proliferative 
vitreoretinopathy) in four eyes (27%); diffuse 
proliferation of epiretinal tissue in silicone- 
filled eyes (perisilicone proliferation”) in two 
eyes (13%); reopening of retinal breaks from 
recurrent posterior epiretinal traction in two 
eyes (13%); development of a new retinal break 
from reproliferation of posterior epiretinal tis- 
sue in one eye (7%); opening of drainage reti- 
notomy and development of new retinal breaks 
from reproliferation of posterior subretinal tis- 
sue in one eye (7%); and development of an 
atrophic retinal break im a photocoagulation 
scar in one eye (7%). 

The two eyes that lost ocular integrity despite 
posterior retinal reattachment had severe hy- 
potony from persistent anterior proliferative 
vitreoretinopathy, which caused retinal detach- 
ment anterior to the scleral buckle that de- 
veloped as the intraocular gas reabsorbed. 

After the initial vitreoretinal surgery, two 
eyes developed a macular pucker from focal 
proliferative vitreoretinopathy and underwent 
additional surgery. 

For recurrent retinal detachment, 12 of 81 
eyes (15%) underwent two vitreoretinal proce- 
dures; two eyes underwent three vitreoretinal 
procedures (2.5%); and one eye underwent four 
vitreoretinal procedures (1%). 

The indications for the second vitreoretinal 
operation for a recurrent retinal detachment 
included anterior proliferative vitreoretinopa- 
thy (six eyes), perisilicone proliferation (two 
eyes), posterior epiretinal proliferative vitreo- 
retinopathy (two eyes), posterior subretinal 
proliferative vitreoretinopathy (one eye), and 
new atrophic retinal hole from a photocoagula- 
tion scar (one eye). The eye with the new 
atrophic retinal hole was first treated unsuc- 
cessfully with a fluid-gas exchange. 

Four patients with anterior proliferative vit- 


reoretinopathy, two patients with total retinal 
redetachments, and two patients with hypot- 
ony and anterior retinal detachments were not 
reoperated on because of either loss of light 
perception (one eye) or the patient’s unwilling- 
ness to undergo additional operations (three 
eyes). 

Of the 12 eyes that underwent a second vit- 
reoretinal operation for a recurrent retinal de- 
tachment, four retinas redetached totally 
(33%), and one additional eye (8%) had a reti- 
nal redetachment anterior to the scleral buckle 
only. The causes of anatomic failure in the four 
eyes that developed posterior or total retinal 
redetachment after the second vitreoretinal op- 
eration were the development of new anterior 
proliferative vitreoretinopathy in two eyes and 
proliferation from relaxing retinotomies in the 
remaining two eyes. 

Of these four eyes, two eyes with new ante- 
rior proliferative vitreoretinopathy required a 
third vitreoretinal procedure. The two eyes that 
failed because of proliferation from relaxing 
retinotomies were not reoperated on. Both eyes 
that underwent a third vitreoretinal surgery 
were reattached intraoperatively, but neither of 
them remained attached. The cause of failure in 
these eyes was proliferation from a relaxing 
retinotomy. One of these two eyes underwent a 
fourth vitreoretinal operation, but this eventu- 
ally failed because of the development of pos- 
terior periretinal proliferation. Additional pro- 
cedures were not performed. 

Thus, at the end of the follow-up period, 73 
of 81 eyes (90%) were totally reattached, and 76 
eyes (94%) were reattached posterior to the 
scleral buckle. Of the 73 eyes that were totally 
reattached, 62 (85%) attained final visual acuity 
of 5/200 or better, with 14 eyes (19%) attaining 
visual acuity of 20/100 or better. All three eyes 
with an attached retina posterior to the scleral 
buckle but a detached anterior retina had final 
visual acuity of hand motions or worse. 


Discussion 


Significant advances in the understanding 
and management of proliferative vitreoretinop- 
athy have occurred.***** Proliferative vitreo- 
retinopathy is a cell-mediated process charac- 
terized by proliferation and contraction of 
retinal pigment epithelial cells, glial cells, fi- 
brocytes, and macrophages on the periretinal 
surfaces, vitreous base, and vitreous gel.” 
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These cellular membranes exert traction, 
which, together with retinal breaks, can cause a 
retinal detachment. To relieve both the trac- 
tional and the rhegmatogenous components, 
vitreous surgery in addition to scleral buckling 
is required in the management of advanced 
cases of proliferative vitreoretinopathy. 

During the last decade the anatomic success 
rate of vitreous surgery in the management of 
proliferative vitreoretinopathy has dramatical- 
ly increased from 14% to 80%.*” Despite the 
significant progress, a number of eyes fail after 
multiple operations with modern vitreoretinal 
instrumentation, whereas other eyes, despite 
retinal reattachment, have anterior prolifera- 
tive vitreoretinopathy with retinal detachment 
anterior to the scleral buckle and hypotony that 
can eventually lead to atrophy of the 
eye. hi 1521.2 Vitreoretinal surgeons identify 
proliferative vitreoretinopathy as the leading 
problem confronting them.” 

By emphasizing the anterior component of 
proliferative vitreoretinopathy, we broadened 
our understanding of the pathologic anatomy of 
the disease.” The term anterior proliferative 
vitreoretinopathy is used to define cellular pro- 
liferation anterior to the posterior insertion of 
the vitreous base. Based on the vector tractional 
forces, anterior proliferative vitreoretinopathy 
is classified as anteroposterior, circumferential, 
and perpendicular. Thus, the components of 
proliferative vitreoretinopathy include an ante- 
rior and a posterior component, with prolifera- 
tive tissue occurring at the vitreous base, epi- 
retinal or subretinal surfaces, and vitreous gel. 
This improved understanding of the pathologic 
anatomy as well as of all the components of 
proliferative vitreoretinopathy has allowed us 
to develop surgical techniques to manage all 
components of the disease process. 

In a series that included both primary and 
reoperative procedures, Lewis and Aaberg" 
demonstrated that eyes with an anterior com- 
ponent of proliferative vitreoretinopathy had a 
worse prognosis when compared to eyes with 
only a posterior component. Total retinal reat- 
tachment was achieved in 59% of eyes with 
anterior proliferative vitreoretinopathy and in- 
creased to 72% in eyes with only a posterior 
component. Final visual acuity of 5/200 or 
better was attained in 43% of eyes with anterior 
proliferative vitreoretinopathy compared to 
57% of eyes with only posterior proliferative 
vitreoretinopathy. The technique used in treat- 
ing eyes with anterior proliferative vitreoreti- 
nopathy was also important in determining the 
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final anatomic and visual prognosis of these 
eyes. Total retinal reattachment was achieved 
in 76% of eyes managed with vitreous base 
surgery and direct approach to anterior mem- 
branes, 56% of eyes managed by disconnecting 
the anterior proliferative tissue from the poste- 
quatorial retina by performing relaxing retin- 
otomies, and only 33% of eyes managed with a 
high and wide scleral buckle and laser demar- 
cation of the anterior proliferative tissue (with- 
out vitreous base surgery), in addition to vitrec- 
tomy with dissection of posterior periretinal 
membranes. Moreover, the best visual acuity 
was attained in those eyes where a direct surgi- 
cal approach to the anterior membranes was 
used.” 

In this series of patients, we attempted to use 
principles and surgical techniques that would 
allow us to treat all the components of prolifer- 
ative vitreoretinopathy. The goal of surgery 
was to remove all periretinal traction and to 
close and seal all retinal breaks, while avoiding 
intraoperative complications and minimizing 
the risk for postoperative reproliferation. 

By using these surgical techniques, we were 
able with one vitreoretinal procedure to reat- 
tach 81% of eyes totally and to reattach 84% of 
eyes posterior to the scleral buckle. With addi- 
tional vitreoretinal surgery, the success rate 
increased to 90% total retinal reattachment and 
to 94% if we include the three eyes that re- 
mained reattached only posterior to the scleral 
buckle. Additional vitreoretinal surgery was 
not successful in increasing the success rate, 
since both eyes that were operated on for a third 
time eventually redetached. 

Similarly, ambulatory vision was attained in 
a large percentage of cases with 85% of totally 
reattached eyes attaining final visual acuity of 
5/200 or better. The high success rate obtained 
was achieved by performing one vitreoretinal 
operation in most patients. Of eyes with intra- 
ocular gas, 39% required outpatient fluid-gas 
exchange. Twelve eyes (15%), two eyes (2%), 
and one eye (1%) underwent a second, third, 
and fourth vitreoretinal surgery, respectively, 
for recurrent retinal detachments. Two addi- 
tional eyes had repeat vitreoretinal surgery for 
a macular pucker. This low number of reopera- 
tions contrasts to earlier reports where up to 
60% of patients with moderate or severe prolif- 
erative vitreoretinopathy required reopera- 
tions.” 

The most common cause of anatomic failure 
was the development of new or recurrent ante- 
rior proliferative vitreoretinopathy, which oc- 
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curred in eight eyes (10%) after the initial 
vitreoretinal surgery. Other less common caus- 
es of failure included posterior epiretinal pro- 
liferation with reopening of pre-existing retinal 
breaks (2%) or creation of new breaks (1%), 
perisilicone proliferation” (2%), subretinal 
proliferation with reopening of a drainage reti- 
notomy and creation of new retinal breaks 
(2%), and the development of a retinal hole in 
an area treated with laser photocoagulation 
(1%). After the second vitreoretinal operation, 
an equal number of eyes failed from anterior 
proliferative vitreoretinopathy and from prolif- 
eration along a relaxing retinotomy. 

As in the previous study," we found a corre- 
lation between the final total retinal reattach- 
ment rate and the component of proliferative 
vitreoretinopathy on initial manifestation. Of 
the 18 eyes that initially had anterior and pos- 
terior proliferative vitreoretinopathy, 16 (89%) 
remained totally reattached, whereas 61 of the 
63 eyes (97%) that initially had only posterior 
proliferative vitreoretinopathy remained total- 
ly reattached. We found no correlation between 
the rate of retinal reattachment and the initial 
severity of posterior proliferative vitreoretinop- 
athy. 

We believe that a number of factors contrib- 
ute to our success rate, including the recogni- 
tion of all the components of proliferative vitre- 
oretinopathy. This recognition allowed us to do 
the following: approach the vitreous base surgi- 
cally with direct anterior membrane dissection 
in all eyes (22%) that initially had anterior 
proliferative vitreoretinopathy; excise more 
completely the basal vitreous gel for 360 de- 
grees in all eyes, which significantly reduced 
the anterior vitreous surface for cells to migrate 
and proliferate in the postoperative period; 
completely remove the lens capsule and periph- 
eral lens material; reduce proliferative surfaces 
and release all periretinal traction; and extend 
the duration of retinal tamponade in eyes with 
intraocular gas until adequate chorioretinal ad- 
hesions were formed. Another explanation for 
the results is that, in contrast to other published 
studies, we excluded eyes that had previously 
undergone vitreous surgery for persistent or 
recurrent proliferative vitreoretinopathy. The 
severity of proliferative vitreoretinopathy in 
this series, however, was equal if not more 
severe than that of previously published se- 
ries.**3151° Of our 81 patients, 77% showed 
grade D1 to D3 proliferative vitreoretinopathy 
(fixed retinal folds in four quadrants of wide, 
narrow, or closed funnel shape), and 22% had 


anterior proliferative vitreoretinopathy. Simi- 
larly, Hanneken and Michels” reported the re- 
sults of vitreoretinal surgery for proliferative 
vitreoretinopathy in which 75% of patients had 
grade D1 to D3 proliferative vitreoretinopathy 
with an anatomic success rate of 80%. 

The three eyes in which the anterior retina 
detached despite posterior retinal reattachment 
showed severe chronic hypotony with loss of 
ocular integrity. Several studies have demon- 
strated that chronic hypotony is a common 
cause of functional failure after vitreoretinal 
surgery for proliferative vitreoretinopathy. We 
believe that anterior proliferative vitreoreti- 
nopathy is the cause of chronic postoperative 
hypotony in most of these patients. The pre- 
sumed mechanism of the hypotony is traction 
exerted by the anterior proliferative tissue on 
the ciliary body. The anterior proliferative 
tissue exerts traction on the retina at the vitre- 
ous base. If there is no posterior reproliferation 
or development of new retinal breaks, a high 
and broad scleral buckle, anterior laser photo- 
coagulation, or both, can limit the detachment 
anteriorly (occasionally the anterior retinal de- 
tachment is minimal and difficult to identify). 
These eyes, however, frequently develop chron- 
ic hypotony and loss of ocular integrity. There- 
fore, it is preferable to perform surgery at the 
vitreous base and release the anterior traction 
directly. This accomplishes anterior retinal re- 
attachment as well as increasing the intraocular 
pressure. Similarly, in those eyes requiring 
lensectomy, it is possible that by complete re- 
moval of the lens and lens capsule and by more 
complete excision of the basal vitreous at the 
time of the first vitreoretinal operation the 
occurrence of anterior proliferative vitreoreti- 
nopathy, hypotony, and recurrent retinal de- 
tachment could be decreased. 

We have shown that in most eyes with initial 
proliferative vitreoretinopathy the periretinal 
traction can be released by membrane dissec- 
tion. Nonetheless in a few eyes the contractile 
forces persist despite membrane dissection, 
and it is in these eyes that a relaxing retinotomy 
is required to reattach the retina. Fortunately, 
performing a relaxing retinotomy is rarely re- 
quired in patients with initial proliferative vit- 
reoretinopathy, as evidenced by only two eyes 
(2%) that required this procedure in our series. 
An attempt should be made to avoid relaxing 
retinotomies if possible because of the high rate 
of anatomic and visual failure associated with 
these patients.” 

The goal of surgery in patients with prolifera- 
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tive vitreoretinopathy should include the re- 
lease of all anterior and posterior traction. An 
attempt should also be made to minimize the 
risk for postoperative reproliferation and rede- 
tachment. An important part of our technique 
is to release the traction at the vitreous base in 
eyes with anterior proliferative vitreoretinopa- 
thy. In eyes without anterior proliferative vitre- 
oretinopathy, it is important to resect the basal 
vitreous gel until it is flush with either the 
retina in phakic eyes or the retina and pars 
plana in aphakic and pseudophakic eyes. By 
reducing the bulk of basal vitreous there is less 
vitreous surface for anterior reproliferation. 
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OPHTHALMIC MINIATURE 

Anwar was right to be concerned about sickness. However, in his 
childhood, life expectancy in the villages was only thirty-three years. I 
supervised my children carefully, looking especially at their playmates’ 
eyes to see if they were running or had any discharge at all, symptoms of 
ophthalmia. For centuries eye disease had been one of Egypt's greatest 
health problems, and some in the village were blind. Before the clinic came 
to Mit Abul-Kum, the villagers protected their babies’ eyes by lining the lids 
with kohl, the black powder that Egyptian women had been using for eye 
makeup since before the days of Cleopatra. Though kohl might have 
helped, there was still much eye disease all over Egypt from all the dust and 
the flies which carried the infection from one person to the next. 


Jehan Sadat, A Woman of Egypt 


New York, Pocket Books, 1987, p. 191 
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Causes of Failure After Repeat Vitreoretinal Surgery for 


Recurrent Proliferative Vitreoretinopathy 





Hilel Lewis, M.D., and Thomas M. Aaberg, M.D. 


During the last two years, we performed 
vitreoretinal surgery on 37 eyes with retinal 
detachments and recurrent severe prolifera- 
tive vitreoretinopathy in 37 patients who had 
had previous failed scleral buckling and vit- 
reous surgery for proliferative vitreoretinopa- 
thy. Anterior proliferative vitreoretinopathy 
was present in 32 of 37 eyes (86%); posterior 
proliferative vitreoretinopathy of fixed retinal 
folds in four quadrants of narrow or closed 
funnel shape occurred in 23 of 37 eyes (62%); 
and subretinal proliferation was noted in 16 of 
37 eyes (43%). The retinas in 12 eyes (32%) 
redetached from new or recurrent anterior 
proliferative vitreoretinopathy in nine eyes, 
reopening of pre-existing retinal breaks in 
two eyes, or recurrent posterior periretinal 
proliferation in one eye. With additional vit- 
reoretinal procedures in six eyes and after a 
mean follow-up period of 11 months, 27 of 37 
retinas (73%) were totally reattached, and an 
additional five eyes (13%) had retinal reattach- 
ment posterior to the scleral buckle. Of the 32 
patients with posterior retinal reattachment, 
final visual acuity of 5/200 or better was at- 
tained in 19 eyes (59%). 


WE nave miary treated eyes with rhegma- 
togenous retinal detachments complicated by 
advanced proliferative vitreoretinopathy by 
vitreous surgery. Particular attention was given 
to the removal of the anterior vitreous surface 
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with complete release of anterior and posterior 
periretinal traction,’ which has resulted in 
successful total anatomic reattachment in 90% 
of cases; 85% of these patients have ambulatory 
vision.’ Conversely, previous studies of reoper- 
ations on eyes with proliferative vitreoretinop- 
athy in which initial vitreous surgery had failed 
have reported anatomic retinal reattachment 
posterior to the scleral buckle in only 30% to 
65% of cases.*’ We performed repeat opera- 
tions on 37 patients (37 eyes) with recurrent 
retinal detachments and recurrent proliferative 
vitreoretinopathy, all of whom had previously 
undergone unsuccessful vitreous surgery else- 
where. 


Patients and Methods 


Between January 1988 and December 1989, 
we operated on 37 eyes of 37 patients with 
recurrent retinal detachments from recurrent 
severe proliferative vitreoretinopathy. The op- 
erations were performed at the Jules Stein Eye 
Institute and the Emory Eye Center. We exclud- 
ed eyes with proliferative vitreoretinopathy 
that had not been previously operated on with 
vitreous surgery, as well as eyes with prolifera- 
tive vitreoretinopathy caused by ocular trauma, 
giant retinal tears, diabetic retinopathy, inflam- 
matory diseases, or vaso-occlusive diseases. 

All eyes had a complete preoperative oph- 
thalmic examination, including testing of best- 
corrected visual acuity, measurement of intra- 
ocular pressure, anterior segment examination, 
and contact lens and binocular indirect oph- 
thalmoscopy. At each follow-up visit, best- 
corrected visual acuity testing, measurement of 
intraocular pressure, anterior and posterior 
segment examination with biomicroscopy, and 
indirect ophthalmoscopy were performed. 

Echography was performed in eyes with 
opaque media. Posterior proliferative vitreoret- 
inopathy was graded according to the classifica- 
tion adopted by the Retina Society Classifica- 
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tion Committee.® Anterior proliferative vitreo- 
retinopathy was defined and graded according 
to the classification proposed by us.” 

The surgical techniques we used have been 
previously described.’’" A scleral buckle was 
revised in two eyes. The crystalline lens was 
removed through the pars plana in four of five 
phakic eyes (80%). One of these four lenses was 
minimally opacified but was removed to be able 
to approach the anterior proliferative tissue 
surgically. Of the 17 eyes with an intraocular 
lens, a posterior chamber intraocular lens was 
present in 15 eyes and removed in two eyes. 
Both eyes with an anterior chamber intraocular 
lens had the lenses removed at the time of 
vitreoretinal surgery. In all 37 eyes, residual 
anterior vitreous was resected for 360 degrees 
while scleral depression was performed. A di- 
rect bimanual surgical approach was used in all 
32 eyes with anterior proliferative vitreoreti- 
nopathy. The posterior epiretinal membranes 
were dissected in all 37 cases. In seven of the 16 
eyes (44%) with subretinal proliferation, the 
subretinal membranes were surgically cut or 
removed because they were exerting traction 
that prevented retinal reattachment. Despite 
anterior and posterior membrane dissection, 
three eyes had persistent retinal traction that 
prevented the retina from reattaching, and a 
relaxing retinotomy was performed. Intraocular 
gas (perfluoropropane) was used in 29 eyes 
(78%) and silicone oil (1,000 centistokes) was 
used in eight eyes (22%). In seven of these eight 
eyes, silicone oil was used because the patients 
had to use air travel. Endophotocoagulation 
was used in all eyes to treat all retinal breaks, 
drainage, or relaxing retinotomies, and was 
also placed on the scleral buckle indentation at 
the vitreous base for 360 degrees. 


Results 


Of the 37 patients included in this study, 25 
were male and 12 were female. There were 14 
right eyes and 23 left eyes. The mean age of the 
patients was 55 years (range, 12 to 76 years). 
The follow-up period ranged from six months 
to 24 months (median, 11 months). All 37 eyes 
had scleral buckling for rhegmatogenous reti- 
nal detachments before initial vitrectomy. The 
mean number of previous vitreoretinal opera- 
tions for proliferative vitreoretinopathy was 
1.43 per eye. Of 37 eyes, 15 (40.5%) were 
preoperatively aphakic, 17 (46%) were pseudo- 
phakic, and five (13.5%) were phakic. 


All 37 eyes had posterior proliferative vitreo- 
retinopathy. Seven eyes (19%) had grade C3 
(full-thickness retinal folds in three quadrants); 
eight eyes (22%) had grade D1 (fixed retinal 
folds in four quadrants of wide funnel shape); 
13 eyes (35%) had grade D2 (fixed retinal folds 
in four quadrants of narrow funnel shape); and 
nine eyes (24%) had grade D3 (fixed retinal 
folds in four quadrants of closed funnel shape) 
posterior proliferative vitreoretinopathy. Of 37 
eyes, 16 (43%) had subretinal proliferation. 
Anterior proliferative vitreoretinopathy was 
noted in 32 of 37 eyes (86%). Of these 32 eyes, 
17 (53%) had anteroposterior and circumferen- 
tial tractional forces, and 15 eyes (47%) had 
only anteroposterior tractional forces. 

The retina was successfully reattached intra- 
operatively in all 37 eyes. A postoperative fluid- 
gas exchange was performed in six of the 29 
eyes (21%) in which gas was used. Iridocorneal 
adhesion requiring reformation of the anterior 
chamber with sodium hyaluronic acid 
developed in one patient. In three eyes, tissue 
plasminogen activator was injected intraocular- 
ly because of the development of severe post- 
vitrectomy fibrin response. Silicone oil was re- 
moved two to three months after injection in 
three of the eight eyes (37%) in which it was 
used. Two eyes in which silicone oil was used 
required penetrating keratoplasty because of 
corneal decompensation. 

During the follow-up period, 12 of the 37 
eyes (32%) redetached. In all 12 eyes, the reti- 
nal redetachment was total. The retinal rede- 
tachment occurred one week to three months 
after surgery. In these 12 eyes, the causes for 
retinal redetachment included the following: 
new anterior proliferative vitreoretinopathy 
with reopening or development of new retinal 
breaks in five eyes (14%) (three of the five eyes 
with silicone oil); recurrent proliferation at the 
vitreous bases (anterior proliferative vitreoreti- 
nopathy) in four eyes (11%) (three of the four 
eyes with silicone oil); reopening of retinal 
breaks because of lack of chorioretinal adhe- 
sion in two eyes (5%); and posterior periretinal 
proliferation in one eye (3%). 

All 12 patients with retinal redetachments 
were offered additional surgery, but three pa- 
tients declined (all three with silicone oil). Of 
the nine eyes that were reoperated on, vitreo- 
retinal surgery was performed in seven eyes 
and an outpatient fluid-gas exchange followed 
by laser photocoagulation was performed in 
two eyes (both had redetachment of the retina 
from reopening of retinal breaks without peri- 
retinal traction). Of the seven eyes reoperated 
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on with vitreoretinal surgery, we performed 
two operations in three eyes, three operations 
in three eyes, and four operations in one eye. 
The indications for the second reoperation were 
new anterior proliferative vitreoretinopathy in 
three eyes, recurrent anterior and posterior pro- 
liferative vitreoretinopathy in two eyes, perisil- 
icone proliferation in one eye, and an exagge- 
rated macular pucker in one eye. The 
indications for the third and fourth reopera- 
tions were recurrent anterior and posterior pro- 
liferative vitreoretinopathy in all cases. 

At the last follow-up examination, 27 of the 
37 eyes (73%) were totally reattached, and 32 
eyes (86%) were reattached posterior to the 
scleral buckle. The causes of final total retinal 
detachment included anterior and posterior 
perisilicone proliferation in three eyes (8%), 
and recurrent anterior proliferative vitreoreti- 
nopathy in two eyes (5%). In the five eyes with 
final retinal detachment anterior to scleral 
buckle only, new or recurrent anterior prolifer- 
ative vitreoretinopathy was the cause of failure 
in all eyes (three with silicone oil). 

Intraocular pressure at the last follow-up vis- 
it ranged from 2 to 20 mm Hg (mean, 13 mm 
Hg). Of 37 eyes, 24 had increased intraocular 
pressure when compared to preoperative lev- 
els. An intraocular pressure of less than 5 mm 
Hg was noted in three of the five eyes with total 
retinal detachment, and in four of the five eyes 
with anterior retinal detachment but posterior 
retinal reattachment. Four of the eight eyes in 
which silicone oil was used had final intraocu- 
lar pressure of less than 5 mm Hg when com- 
pared to six of the 29 eyes (21%) in which gas 
was used. 

Of the 27 eyes that were totally reattached, 18 
(67%) attained final visual acuity of 5/200 or 
better, with three eyes (11%) attaining visual 
acuity of 20/100 or better. Four of the five eyes 
with an attached retina posterior to the scleral 
buckle but a detached anterior retina had final 
visual acuity of light perception. 


Discussion 


Of 37 consecutive eyes in which vitreoretinal 
surgery for retinal detachments with prolifera- 
tive vitreoretinopathy had previously failed, we 
achieved total retinal reattachment in 27 eyes, 
retinal reattachment posterior to the scleral 
buckle in 32 eyes, and ambulatory vision in 19 
eyes by removing the anterior vitreous surface, 
completely releasing the anterior and posterior 


Repeat Surgery for Recurrent Proliferative Vitreoretinopathy 17 


periretinal traction, and using intraocular tam- 
ponade and endophotocoagulation. 

These results in recurrent proliferative vitre- 
oretinopathy are lower than those in eyes with 
advanced proliferative vitreoretinopathy oper- 
ated on for the first time by us using similar 
vitreoretinal surgical techniques. In that series, 
66 of 81 eyes (81%) were totally reattached with 
one operation, and 73 of 81 eyes (90%) were 
totally reattached with two operations (reat- 
tachment posterior to the scleral buckle in 76 of 
81 eyes [94%]).' 

We believe that the lower success rate 
achieved in patients reoperated on for recurrent 
proliferative vitreoretinopathy can be ex- 
plained by the much higher prevalence of ante- 
rior proliferative vitreoretinopathy in these 
eyes when compared to eyes with initial prolif- 
erative vitreoretinopathy. Eyes with advanced 
proliferative vitreoretinopathy but without pre- 
vious vitreous surgery had a 22% prevalence of 
anterior proliferative vitreoretinopathy,’ 
whereas 86% of eyes that had failed vitreous 
surgery had anterior proliferative vitreoreti- 
nopathy. In contrast, the severity of posterior 
proliferative vitreoretinopathy and the preva- 
lence of subretinal proliferation was similar in 
both groups of patients. These observations 
support our previous findings that eyes with 
anterior proliferative vitreoretinopathy have a 
worse prognosis than eyes with only posterior 
proliferative vitreoretinopathy.’* 

Adequate initial surgical management of eyes 
with retinal detachment and severe prolifera- 
tive vitreoretinopathy carries the best chances 
for anatomic success. The goal of surgery in 
proliferative vitreoretinopathy should be to 
achieve stable total retinal reattachment, while 
minimizing the risks of complications and re- 
proliferation. New or recurrent anterior prolif- 
erative vitreoretinopathy is the most common 
cause of failure after vitreoretinal surgery for 
retinal detachment with proliferative vitreoret- 
inopathy.’ We believe that by initially removing 
as much as possible of the basal vitreous gel 
(Figs. 1 and 2) and completely removing the 
lens or lens remnants, the risk of developing 
postoperative anterior proliferative vitreoreti- 
nopathy is decreased. Similarly, initial ade- 
quate management of the anterior component 
of proliferative vitreoretinopathy with com- 
plete release of traction increases the chances 
for achieving total retinal reattachment and 
decreases the likelihood of developing hypot- 
ony with atrophy of the eye despite posterior 
retinal reattachment. 

It has been suggested that silicone oil tam- 
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ponade should be considered in eyes with re- 
current proliferative vitreoretinopathy that 
have failed conventional vitreoretinal surgical 
techniques.*® It is our impression that success- 
ful results in these complicated cases are pri- 
marily caused by the complete intraoperative 
release of anterior and posterior periretinal 
traction, removal of the basal vitreous gel and 
lens remnants, and use of intraoperative or 
postoperative photocoagulation rather than the 
intraocular tamponade. In our series, 29 of 37 





Fig. 1 (Lewis and Aaberg). 
Left, Residual basal vitreous 
gel after posterior vitrec- 
tomy. Right, Anterior vitre- 
ous gel becomes adherent to 
the pars plana, pars plicata, 
and posterior surface of the 
iris causing anterior displace- 
ment of the posterior border 
of the vitreous base with an 
anterior retinal detachment 
and hypotony. 


eyes (76%) were treated with intraocular gas. 
The indication for silicone oil in seven of the 
eight eyes in which it was used was the need of 
the patient to travel by air soon after the opera- 
tion. Although the severity of the disease was 
not greater in the eyes in which silicone oil was 
used, the complications and redetachment rate 
were greater when compared to the eyes in 
which intraocular tamponade with gas was 
used. 

If the anterior and posterior periretinal trac- 


Fig. 2 (Lewis and Aaberg). 
Left, Removal of anterior vit- 
reous gel by indenting the 
sclera in the region of the 
vitreous base. Right, Excising 
the basal vitreous gel reduces 
the anterior vitreous surface 
and decreases the chances of 
developing anterior prolifer- 
ative vitreoretinopathy. 
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tion can be completely released intraoperative- 
ly, a long-acting or permanent tamponade such 
as silicone oil is probably not required. Photo- 
coagulation scars form a chorioretinal adhesion 
within weeks, and therefore intraocular gas is 
sufficient to maintain retinal tamponade until 
the chorioretinal adhesion forms. If retinal 
traction is not relieved, the only advantage of 
silicone oil when compared to gas is that it may 
localize the retinal detachment for some time. 
If the traction is not eventually relieved, how- 
ever, the eye may become hypotonous or the 
detachment can extend. 

The release of anterior traction can increase 
intraocular pressure and prevent atrophia bulbi 
in some eyes. Despite total retinal reattachment 
and lack of anterior traction, however, four of 
37 of eyes (11%) remained hypotonous (intra- 
ocular pressure less than 5 mm Hg) at the last 
follow-up visit. This hypotony in the absence of 
ciliary body traction could possibly be ex- 
plained by either the inability of the cells to 
produce or secrete aqueous humor because of 
damage from chronic traction, or because of 
damage to the ciliary body from multiple oper- 
ations. 

Despite significant advances in the surgical 
management of proliferative vitreoretinopathy, 
the basic disease process may continue and lead 
to surgical failure. Further developments in the 
prevention of factors that promote the develop- 
ment of this disease, together with pharmaco- 
logic treatment, will lead to a greater success 
rate and improved visual function in such pa- 
tients. 
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Prevalence of Lattice Degeneration and Its Relation to 


Axial Length in Severe Myopia 


José M. Celorio, M.D., and Ronald C. Pruett, M.D. 


We studied 436 eyes of 218 patients with 
myopia of -6.00 diopters or more in both eyes. 
Of 218 patients, 72 (33.0%) had lattice degener- 
ation of the retina. Among these 72 patients, 
lattice lesions were uniocular in 39 (54.2%) 
and binocular in 33 (45.8%). Of 105 males, 33 
(31.4%) had lattice degeneration; of 113 fe- 
males, 39 (34.5%) had lattice degeneration. 
Contrary to previously published data, we 
found an inverse relationship between axial 
length and the prevalence of lattice degenera- 
tion in severely myopic eyes. The greatest 
prevalence of lattice degeneration (63 of 154 
eyes, 40.9%) was found in eyes with an axial 
length of 26.0 to 26.9 mm (—6.00 to —8.70 
diopters), and the least prevalence of lattice 
degeneration (five of 71 eyes, 7.0%) was found 
in eyes with an axial length of 32.0 mm 
(—24.00 diopters) or greater. This may explain 
the observation that retinal detachment after 
cataract surgery has been noted more com- 
monly among patients with moderate than 
severe myopia. 


Lattice DEGENERATION of the retina has been 
described in numerous reports since the turn of 
the century.’ Typical lesions are sharply de- 
fined, circumferentially oriented areas of reti- 
nal thinning located anterior to the fundus 
equator.’ A fishbone or crosshatch pattern of 
sclerotic, white retinal arterioles and venules 
within the base of a lesion is a frequent finding.’ 
The vitreous gel shows liquefaction over a lat- 
tice lesion and a condensed adhesion along its 
margin. Lattice degeneration is recognized as a 
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frequent cause of retinal detachment because of 
small round holes that occur within the areas of 
degeneration and tractional tears along the 
edge of the defects.*'' Lattice degeneration also 
is found in asymptomatic eyes; its prevalence 
has been variously reported as 4.5%,” 6.0%,” 
7.1%,” and 9.5%." Straatsma and associates’ 
found lesions in 10.7% of autopsy eyes. 

Lattice degeneration occurs more frequently 
among myopic than nonmyopic eyes and con- 
tributes to the tendency of retinal detachment 
to develop in myopic eyes.'*'’ In the study by 
Karlin and Curtin” of 1,437 eyes, the preva- 
lence of lattice degeneration was correlated 
with axial length. Although we have believed 
this to be true, we were not finding lattice 
degeneration as frequently as expected in our 
patients with extreme degrees of myopia. We 
conducted a study to reexamine this associa- 
tion, specifically among those patients with 
myopia of —6.00 diopters or more. 


Patients and Methods 


Computer-derived records on patients coded 
as having myopia of —6.00 diopters or greater 
in both eyes were reviewed without regard to 
the initial symptoms or findings, including reti- 
nal detachment. Excluded from the study were 
patients with myopia associated with retinopa- 
thy of prematurity and those with incomplete 
documentation of bilateral fundus findings be- 
cause of opaque media, poorly dilating pupils, 
or surgical anophthalmos. The records of 436 
eyes of 218 patients, including 105 males and 
113 females, ranging in age from 10 to 72 years, 
were included in the study. Most patients had 
been examined on numerous occasions Over a 
number of years, thus decreasing the chance 
that lattice lesions might be undetected. Avail- 
able data included visual acuity and ocular 
tension measurements, refractions, stereoscop- 
ic color photographs, and, in many cases, fluo- 
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rescein angiograms. All eyes were evaluated by 
indirect ophthalmoscopy with 360-degree 
scleral depression and by biomicroscopy with a 
three-mirror Goldmann contact lens. The crite- 
ria for lattice degeneration were those classical- 
ly described and illustrated in published re- 
ports.*® Standardized immersion A-scan axial 
length measurements and usually B-scan ultra- 
sonic studies were done. 

Eyes were classified into seven groups on the 
basis of axial length. The shortest axial diame- 
ter was 26.0 mm (-—6.00 diopters), and the 
longest was 32.0 mm (-—24.00 diopters) or 
greater, up to 40.0 mm (—48.00 diopters) (Ta- 
ble). 


Results 


Of the 436 eyes of 218 patients, 105 eyes 
(24.1%) of 72 patients (33.0%) showed lattice 
retinal degeneration. The patients with lattice 
degeneration included 33 of 105 males (31.4%) 
and 39 of 113 females (34.5%). Of the 72 
patients with lattice degeneration, 33 (45.8%) 
were male and 39 (54.2%) were female. Lattice 
degeneration occurred uniocularly in 39 pa- 
tients (54.2%) and binocularly in 33 patients 
(45.8%). The lesions were located most often in 
the temporal quadrants (94 of 105 eyes, 89.5%). 
Of the 105 eyes with lattice degeneration, 36 
(34.3%) had a single lesion, and 69 (65.7%) had 
two or more lesions. Young adults aged 21 to 40 
years were most frequently affected by lattice 
degeneration (51 of 160 eyes, 31.9%), and pa- 
tients older than 60 years of age were least 
affected (11 of 68 eyes, 16.2%). Among those 
aged 20 years or younger, 16 of 78 eyes (20.5%) 
had lattice degeneration, and among those 41 


TABLE 
CHARACTERISTICS OF STUDY POPULATION 





SEX AGE (YRS) 

AXIAL LENGTH NO.OF ————— — 
(MM) EYES MALE FEMALE RANGE MEAN 
26.0-26.9 154 75 79 7-62 34.5 
27.0-27.9 84 40 44 8-70 39.0 
28.0-28.9 24 10 14 15-64 39.5 
29.0-29.9 35 17 18 10-55 32.5 
30.0-30.9 32 16 16 12-58 35.0 
31.0-31.9 36 18 18 16-65 40.5 
32.0-40.0 71 34 37 7-66 36.5 
Total 436 210 226 7-70 36.7 


to 60 years of age, 27 of 130 eyes (20.8%) had 
lattice degeneration. The highest prevalence of 
lattice degeneration (63 of 154 eyes, 40.9%) 
was found among eyes of axial length 26.0 to 
26.9 mm; the lowest prevalence of lattice de- 
generation (five of 71 eyes, 7.0%) was found 
among eyes of axial length 32.0 mm or greater 


(Fig. 1). 


Discussion 


In many respects our statistics are congruent 
with those reported by others. Lattice degener- 
ation was only slightly more common among 
females. Our finding of 45.8% (33 of 72 eyes) 
bilaterally affected was similar to the data of 
Shiomi” (31.6%), Byer’ (34%), and Karlin and 
Curtin” (40%), but differed from the results of 
Morse”! (66.5%) who studied only patients with 
retinal detachment. Age did not appear to have 
a major influence on prevalence, but lattice 
degeneration was less frequently found in our 
older patients, as documented previously 51415.20 
We have no explanation for this finding, al- 
though one might speculate that lattice degen- 
eration could be more difficult to detect in older 
eyes with lens opacities and peripheral pig- 
mented fundus changes. 

Overall we found lattice degeneration in 105 
of 436 eyes (24.1%) with —6.00 diopters or 
more of myopia, which is in close agreement 
with the findings of Cambiaggi, Sanna, and 
Nervi” (20%). Kirker and McDonald,” studied 
101 eyes of 54 patients with myopia of —6.00 
diopters or greater and found that only 3% had 
lattice degeneration. They commented that this 
figure seemed low. We would agree, especially 
in view of the 6% prevalence of lattice degener- 
ation found by Rutnin and Schepens*™ in nor- 
mal eyes and the 10.7% prevalence in autopsy 
eyes.” Kirker and McDonald” offered possible 
explanations for this discrepancy: different 
populations, different examination methods, or 
variations in the examiners’ definitions. Differ- 
ent examination methods and variations in the 
examiners’ definitions probably played a role. 
Data for their study were derived from indirect 
ophthalmoscopy but without scleral depres- 
sion, and the examinations were performed by 
ophthalmology residents in training. 

Although we were pleased that our statistical 
findings in the patients with severe myopia 
confirmed our informal clinical observations, 
we faced the problem of explaining the inverse 
relationship between lattice degeneration and 
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Fig. 1 (Celorio and Pruett). Prevalence of lattice 
degeneration in 436 eyes according to axial length 
(AL; mm). 


axial length. Shiomi’’ reported on lattice degen- 
eration in Japanese patients. Among 518 eyes 
with myopia of —8.00 diopters or less, 39 
(7.5%) had lattice degeneration, whereas 
among 29 eyes with myopia of —8.25 to —22.00 
diopters, only one (3.4%) had lattice degenera- 
tion. Most often affected were eyes with moder- 
ate myopia between —2.25 and —8.00 diopters 
(17 of 111 eyes, 15.3%). Although this relation- 
ship was not the emphasis of his report, 
Shiomi’s observations also suggested that lat- 
tice degeneration is less frequent in eyes with 
severe myopia, despite the genetic differences 
between his patient population and our own. 
Karlin and Curtin” indicated that lattice de- 
generation was present in 11% of eyes with an 
axial length of 26.5 mm (-—7.50 diopters) or 
more (Fig. 2). Their series and ours were drawn 
from mixed populations of the Northeast, and 
both were examined by experienced observers 
who probably agreed closely on diagnostic cri- 
teria. The most important difference, we be- 
lieve, is the manner in which patients were 
selected for examination. The source of the 
patients in the Karlin and Curtin study was a 
myopia clinic. Perhaps more patients came on 
their own for examination rather than being 
referred for a specific problem. Most of our 
patients were referred for examination by other 
ophthalmologists. The reasons for referral var- 
ied widely: a routine examination for myopia, 
family history of a retinal disorder, symptoms 
of photopsia and floaters, glaucoma, fundus 
examination before or after cataract surgery, 
and treatment of macular degeneration or reti- 
nal detachment, among others. Although none 
of these categories was excluded from our 
study, the mix of patients may have differed 
from that of Karlin and Curtin.” Obviously the 
composition of both study groups was influ- 


enced by multiple factors, including racial and 
socioeconomic aspects of the referral base, and 
these remain unknown in both series. Only an 
unselected population survey could attempt to 
measure accurately the true prevalence of lat- 
tice degeneration among patients with myopia 
of various degrees. 

Further studies of the relationship between 
axial length and lattice degeneration would be 
useful. An inverse relationship might explain 
why patients with moderate myopia have been 
more prone than patients with severe myopia to 
retinal detachment after cataract surgery. 
Smith and associates” reported statistics that 
describe this complication after 3,065 consecu- 
tive extracapsular cataract extractions with 
posterior chamber intraocular lens implanta- 
tion. The incidence of retinal detachment for 
the moderately myopic group (axial length 
greater than 25.0 and less than 26.5 mm, —3.00 
to —7.50 diopters) was 6.3%; and for the se- 
verely myopic group (axial length greater than 
26.5 mm, greater than —7.50 diopters), the 
incidence was 4.8%. Lattice degeneration was 
the most common predisposing retinal lesion; it 
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Fig. 2 (Celorio and Pruett). Prevalence of lattice 
degeneration according to axial length (AL; mm) as 
reported by Karlin and Curtin.” 
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was found in 13.6% of the eyes with retinal 
detachment and only 2.0% of age-matched con- 
trol eyes. The authors remarked on the low 
degree of axial myopia (mean axial length, 
25.09 mm, —3.27 diopters) that correlated with 
retinal detachment.” 

An inverse relationship between lattice de- 
generation and axial length could also support 
the belief that progressive myopia is a condition 
distinct from the more common mild degrees of 
myopia. The response to topical corticosteroids 
suggests such a difference. During corticoster- 
oid instillation in severely myopic eyes, intraoc- 
ular tension usually increases, which is similar 
to that seen in relatives of patients with open- 
angle glaucoma.” This response is not usually 
observed in patients with mild myopia. Lattice 
degeneration may be more closely linked genet- 
ically with mild (physiologic) than with severe 
(pathologic) myopia. 
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Ocular Clinicopathologic Study of Gyrate Atrophy 


David J. Wilson, M.D., Richard G. Weleber, M.D., and W. Richard Green, M.D. 


We performed a histopathologic study of 
whole globes obtained post mortem from a 
patient with well-documented, vitamin B6- 
responsive gyrate atrophy. The retina in the 
posterior pole had focal areas of photorecep- 
tor atrophy with adjacent retinal pigment epi- 
thelial hyperplasia. An abrupt transition from 
the near normal retina to a zone of near total 
atrophy of the retina, retinal pigment epithe- 
lium, and choroid was present in the fundus 
midperiphery. Electron microscopic examina- 
tion disclosed abnormalities of the mitochon- 
dria of the corneal endethelium and the non- 
pigmented ciliary epithelium. Similar, but 
less severe, mitochondrial abnormalities were 
present in the photoreceptors. 


Gyrate aTropny is a rare autosomal recessive 
disease caused by a deficiency of the mitochon- 
drial matrix enzyme ornithine-delta-amino- 
transferase. This pyridoxal phosphate-depen- 
dent enzyme converts alpha-ketoglutarate and 
ornithine to glutamate and glutamate-gamma- 
semialdehyde, which through delta’-pyrroline- 
5-carboxylate is involved in the synthesis of 
proline. The ocular manifestations of this pro- 
gressive disorder have been reviewed! and in- 
clude a characteristic retinochoroidal atrophy 
(Fig. 1), cataracts, myopia, blunting of the cili- 
ary processes, and iris atrophy. Two clinical 
subtypes of gyrate atrophy have been defined, 
based on in vivo or in vitro evidence of re- 
sponse to vitamin B6, which is the cofactor of 
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the enzyme ornithine aminotransferase. Vita- 
min B6 responsiveness is manifested in vivo by 
an approximate 50% reduction in serum orni- 
thine levels and normalization of serum lysine 
levels. It is demonstrated in vitro by an increase 
in residual ornithine aminotransferase activity 
in cultured skin fibroblasts when assayed with 
increased levels of pyridoxal phosphate. Pa- 
tients who are responsive to vitamin B6 gener- 
ally have a less severe and more slowly progres- 
sive clinical course than patients who are not 
responsive. Somatic cell hybridization studies 
have demonstrated absence of complementa- 
tion among vitamin B6 responsive and nonre- 
sponsive forms of gyrate atrophy,*” which indi- 
cates that these two forms probably represent 
different allelic mutants of the same gene. 

Because the enzymatic and, in some cases, 
the genetic defect at the molecular level are 
known, the histopathologic findings are of par- 
ticular interest in this disorder. The histopatho- 
logic features of the iris,’ the lens,’ cultured 
fibroblasts (James O’Donnell, M.D., oral com- 
munication, May 5, 1988), the liver,’ and skele- 
tal muscle™’ have been reported in gyrate atro- 
phy. We studied the light microscopic and 
ultrastructural findings of the eyes of a patient 
with well-documented, vitamin B6—-responsive 
gyrate atrophy. 


Case Report 


A 90-year-old woman was first examined at 
the Oregon Health Sciences University on Nov. 
23, 1979. An intracapsular cataract extraction 
had been performed on the right eye at the age 
of 82 years. The patient had an unspecified 
injury to her left eye as a child. Examination 
disclosed visual acuity of R.E.: 20/50 with 
refraction of +10.50 +2.50 x 160 degrees and 
L.E.: light perception. The kinetic visual field 
was severely constricted in the right eye to 29 
degrees horizontal width with the IV, test tar- 
get.” Moderate corneal scarring was noted in 
the left eye. A superior sector iridectomy was 
noted in the right eye, and moderate atrophy of 
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< Fig. 1 (Wilson, Weleber, and Green). Fundus photograph (left) and fluorescein angiogram (right) of the right 


eye, 


the iris pigment epithelium was noted in the 
left eye. The right eye was aphakic, and a 
mature subluxated cataract was present in the 
left eye. Ophthalmoscopy disclosed the charac- 
teristic appearance of gyrate atrophy (Fig. 1). 
Fluorescein angiography showed the typical 
near total loss of choroid and retinal pigment 
epithelium beyond the posterior pole. The ex- 
amination included a fasting serum ornithine 
level of 0.52 mol/ml (normal, 0.083 + 0.030 
mol/ml). A culture of skin fibroblasts was es- 
tablished and used to evaluate the patient’s 
responsiveness to vitamin B6. Activity of orni- 
thine aminotransferase in whole cell extracts 
was severely deficient at 48 + 12 nmol/mg of 
protein per hour (normal mean, 257 nmol/mg 
of protein per hour; normal range, 152 to 385 
nmol/mg of protein per hour), a value which 
was much higher than that seen in cells of 
patients who were nonresponsive to vitamin B6 
and even higher than that seen in cells from 
three other patients who were responsive to 
vitamin B6.” Incorporation of radioactivity 
from °H-ornithine into protein was 76 + 9 dpm 
per gram of protein with no pyridoxine in the 
media (normal, 638 + 66 dpm per gram of 
protein), but 482 + 91 dpm per gram of protein 
(normal, 893 + 134 dpm per gram of protein) 
when assayed with 1.0 mg of pyridoxine per 
liter in the assay medium." The ornithine 
aminotransferase activity in our patient, unlike 
that in the other three patients who were re- 
sponsive to vitamin B6, was completely protect- 
ed from heat lability in the presence of coen- 


zyme.'' No complementation was exhibited 
between cells fused with polyethylene glycol 
among all possible crosses of three patients 
who were nonresponsive to vitamin B6 and four 
patients who were responsive (including our 
patient), which suggests that both groups are 
allelic. 

The patient was examined at intervals before 
her death at age 98 years on Sept. 11, 1987. 
There was minimal progression of the retino- 
choroidal atrophy as assessed by ophthalmos- 
copy or visual field examination. Visual acuity 
was 20/40 in the right eye on Sept. 1, 1983, and 
the patient maintained useful visual acuity un- 
til the time of her death. She had a cerebrovas- 
cular accident one to two weeks before her 
death, but the exact cause of death was not 
determined. The eyes were obtained two hours 
post mortem (Retinitis Pigmentosa Foundation 
acquisition number 124) and placed immediate- 
ly into fixative (phosphate-buffered 1% formal- 
dehyde, 2.5% glutaraldehyde). 


Results 


The left globe measured 23 (horizontal) xX 22 
(vertical) X 21 (anteroposterior) mm with cor- 
neal diameters of 11.0 X 10.5 mm. Transillumi- 
nation was increased diffusely. The eye was 
opened horizontally. The lens was inferiorly 
subluxated and marked atrophy of the iris pig- 
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ment epithelium was noted. The ciliary proc- 
esses were atrophic. Circumscribed patches of 
retinal pigment epithelial atrophy were noted 
in the periphery. These became confluent in the 
fundus midperiphery and then ceased abruptly 
at the vascular arcades. There was intraretinal 
perivascular pigment migration in the fundus 
midperiphery. The retina and retinal pigment 
epithelium in the posterior pole were unre- 
markable. 

The right globe measured 22 (horizontal) X 
22 (vertical) X 23 (anteroposterior) mm and 
was similar to the left globe, except for surgical 
aphakia. There was essentially no change in the 
pattern of chorioretinal atrophy compared to 
the last clinical photographs. Both globes were 
processed for light and electron microscopy. 

In the left eye, the corneal epithelium was 
variably thinned and there was nodular scar- 
ring of the anterior one third of the corneal 
stroma. Bowman’s layer was absent. Within the 
area of scarring there were focal aggregates of 
periodic acid-Schiff stain-positive material that 
did not stain with Congo red and had the 
ultrastructural appearance of basement mem- 
brane. In both eyes, marked hyalinization of the 
ciliary processes was noted, but otherwise the 
ciliary body, iris, and trabecular meshwork 
were unremarkable. The lens of the left eye was 
markedly cataractous as evidenced by cortical 
liquefaction, hyperplasia of the anterior lens 
epithelium with capsular wrinkling, posterior 





migration of the lens epithelium, and equatori- 
al calcification of the subepithelial cortex. 

In the posterior pole, the retina and retinal 
pigment epithelium were remarkable for focal 
areas of photoreceptor cell absence (Fig. 2). 
Underlying these areas, small clumps of hyper- 
plastic retinal pigment epithelial cells were 
present. An epiretinal membrane was present, 
which was thickest overlying the fovea. Tem- 
poral to the optic nerve head 8 mm and nasal to 
the optic nerve head 4 mm, the normal retina 
and retinal pigment epithelium terminated 
abruptly. At these locations the retinal pigment 
epithelium ended, and the photoreceptor cells 
abutted directly onto Bruch’s membrane (Fig. 
3). The photoreceptors did not always maintain 
their proper orientation at this transitional 
zone, in some cases assuming an orientation 
tangential to Bruch’s membrane. In some areas 
the choriocapillaris extended a short distance 
beyond the termination of the retinal pigment 
epithelium (Fig. 3). 

For 2 mm peripheral to this transition zone 
there was complete absence of the outer retina, 
retinal pigment epithelium, choriocapillaris, 
and most of the medium and large choroidal 
vessels. Peripheral to this zone of near total 
atrophy, the retinal pigment epithelium was 
hyperplastic with migration of the pigment epi- 
thelium into the retina in a perivascular loca- 
tion. Cross sections of the optic nerve disclosed 
no optic atrophy. 


Fig. 2 (Wilson, Weleber, and Green). Focal 
area of photoreceptor atrophy and adjacent 
hyperplastic retinal pigment epithelium 
(periodic acid-Schiff, x 320). 
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Fig. 3 (Wilson, Weleber, and Green). Abrupt transi- 
tion from relatively normal retina and pigment epi- 
thelium to area with atrophy of the photoreceptor 
inner and outer segments and retinal pigment epithe- 
lium (arrow). In the area of atrophy, the photorecep- 
tor cell nuclei abut directly onto Bruch’s membrane. 
Normal choriocapillaris (arrowheads) extends a 
short distance into the area of retinal pigment epithe- 
lium atrophy (periodic acid-Schiff, x 80). 


At the ultrastructural level, striking mito- 
chondrial abnormalities were present within 
the corneal endothelium and keratocytes of 
both eyes (Fig. 4). The mitochondria were en- 
larged with markedly disrupted cristae and 
electron-lucent matrix. In several mitochondria 
the cristae were not evident and only fine linear 
osmiophilic remnants were left in their place 
(Fig. 4). In other cells the mitochondria were 
enlarged and the cristae lacked their usual lon- 
gitudinal orientation. Occasional degenerated 
endothelial cells were present (Fig. 5). Enlarged 
mitochondria with electron-lucent matrix were 
prominent in the nonpigmented and pigmented 
ciliary epithelium of both eyes (Fig. 6), the 
smooth muscle of the iris sphincter and ciliary 
body (Fig. 7), and the striated muscle of the 
extraocular muscles. Structures resembling tu- 
bular aggregates were identified only in the 
extraocular muscle (Fig. 8), but no classic tubu- 
lar aggregates were observed. 

Similar but markedly less severe mitochon- 
drial abnormalities were present in the photo- 
receptor inner segments. Dilated mitochondria 
with relatively electron-lucent matrix were 
present in the posterior pole but were more 
common near the areas of chorioretinal atrophy 
(Fig. 9). These mitochondrial changes were 
most prominent in the rod ellipsoids but were 
also present in cone ellipsoids. No mitochon- 
drial abnormalities were present in the retinal 
pigment epithelium. 

In the posterior pole the retinal pigment epi- 
thelium-photoreceptor relationships were well 





maintained (Fig. 10). The retinal pigment epi- 
thelium in this region was cuboidal with basal 
plasmalemmal infoldings and apical microvilli. 
Near the transition from relatively normal to 
atrophic retina, the photoreceptor outer seg- 
ments shortened and eventually disappeared 
(Fig. 9). In some transitional areas the retinal 
pigment epithelium was flattened, contained 
fewer pigment granules, and lost its apical 
microvilli and basal infoldings (Fig. 11). In 
other areas the retinal pigment epithelium 
maintained a fairly cuboidal and polarized 
structure (Fig. 9). The polarized cuboidal struc- 
ture was preserved principally in areas where 
the retinal pigment epithelium maintained con- 
tact with photoreceptor inner or outer seg- 
ments. In the 2-mm zone of extreme atrophy, 
glial cells abutted directly onto Bruch’s mem- 
brane and in one area extended into the cho- 
roid. 


Discussion 





The extensive clinical documentation of this 
case permits several interesting clinicopatho- 
logic correlations. In making these correlations 
it is important to note that this patient was 
remarkably responsive to vitamin B6, and other 
patients nonresponsive and responsive to vita- 
min B6 with gyrate atrophy might differ signifi- 
cantly. 

Except for the focal areas of photoreceptor 
atrophy and mitochondrial abnormalities, the 
photoreceptors and retinal pigment epithelium 
in the posterior pole were unremarkable. These 
areas of focal photoreceptor atrophy differ from 
those described in autosomal dominant vitreo- 
choroidopathy by Goldberg and associates.” 
The underlying retinal pigment epithelium was 
hyperplastic in our case rather than atrophic as 
described in autosomal dominant vitreocho- 
roidopathy. An epiretinal membrane was 
present in each eye, and this finding has been 
described clinically in patients with gyrate at- 
rophy.’ Slightly peripheral to the relatively nor- 
mal retina was a zone of marked atrophy with 
almost complete absence of the medium and 
large choroidal vessels, the choriocapillaris, 
and the outer retina. The retinal pigment epi- 
thelium in this area was either totally absent or 
consisted of spindle-shaped cells, with little 
intracytoplasmic pigment and without the po- 
larity characteristic of normal retinal pigment 
epithelium. At the transition between these two 
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Fig. 4(Wilson, Weleber, and Green). Top, Marked swelling of the inner compartment of the mitochondria of the 
corneal endothelium. Bottom left and bottom right, The cristae are markedly disrupted with only fine markedly 
osmophilic remnants (asterisk) remaining in some areas (X 60,000). 


zones, the retinal pigment epithelium in con- 
tact with photoreceptor outer or inner seg- 
ments tended to maintain its normal configura- 
tion, whereas the retinal pigment epithelium 
without this contact assumed the spindle struc- 


ture. The choriocapillaris extended a short dis- 
tance into the atrophic area, which suggests 
that choriocapillaris atrophy may be secondary 
to retinal pigment epithelial atrophy. This is 
analogous to the secondary choriocapillaris at- 
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Fig. 5 (Wilson, Weleber, and Green). Degenerated 
endothelial cell (asterisk) separated from Descemet’s 
membrane by intact endothelial cells (arrowheads) 
(x 6,800). 


rophy observed after retinal pigment epithelial 
injury in experimental animals.” 

The most prominent ultrastructural abnor- 
mality we observed were the abnormal mito- 
chondria in the corneal endothelium, smooth 
muscle of the iris and ciliary body, the ciliary 
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body epithelia, and to a lesser extent in the 
photoreceptors. This feature has been observed 
in the skeletal muscle,’® liver, iris,‘ and cul- 
tured fibroblasts (James O’Donnell, M.D., oral 
communication, May 5, 1988) of patients with 
gyrate atrophy. 

The most severe mitochondrial abnormalities 
were present in the corneal endothelium and 
nonpigmented ciliary body epithelium. Occa- 
sional necrotic endothelial cells were present, 
but there was no clinical indication that these 
tissues were adversely affected by the mito- 
chondrial changes. The corneal scarring pres- 
ent in the left eye was probably a result of the 
injury the patient sustained in childhood. Con- 
versely, the least severe mitochondrial abnor- 
malities were present in the retina, and none 
were observed in the retinal pigment epitheli- 
um, the tissues most severely affected in gyrate 
atrophy. It is possible, however, that more se- 
vere mitochondrial abnormalities were present 
in the portion of the retina and retinal pigment 
epithelium that had degenerated previously. 

Enlarged mitochondria with electron-lucent 
matrices have been described in various types 
of cell injury and are caused by an influx of 
water into the inner compartment of the mito- 
chondria.“ They may also be seen because of 
delayed fixation or when low concentrations of 
glutaraldehyde (less than 1%) are used as a 
single fixative’; but neither of these circum- 
stances were present in our case. 


Fig. 6 (Wilson, Weleber, 
and Green). Top, Marked 
swelling of mitochondria in 
nonpigmented and pigment- 
ed ciliary epithelium (x 
2,800). 
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Since ornithine aminotransferase is a mito- 
chondrial enzyme, it is possible that local ab- 
normalities of intramitochondrial metabolites 
result in mitochondrial swelling under fixation 
and processing conditions that normally do not 
alter mitochondrial structure. However, the 
well-preserved, normal mitochondria in adja- 
cent ocular tissues would suggest the mito- 





Fig. 7 (Wilson, Weleber, and Green). En- 
larged and swollen mitochondria with dis- 
torted cristae (arrowheads) in smooth mus- 
cle of the iris (X 16,000). 


chondrial changes are not purely fixation arti- 
fact. 

Since it is unlikely that the mitochondrial 
changes are purely artifactitious, theories as to 
the pathophysiologic characteristics of gyrate 
atrophy should explain these changes and their 
distribution. Valle and Simell’ reviewed the 
possible biochemical mechanisms of chorioreti- 


Fig. 8 (Wilson, Weleber, 
and Green). Tubular mem- 
branous structures (asterisk) 
with some similarity to the 
tubular aggregates seen in 
skeletal muscle biopsy speci- 
mens of patients with gyrate 
atrophy. A large amount of 
lipofuscin is also present (X 
42,000). 
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nal degeneration in gyrate atrophy. It is unlike- 
ly that hyperornithinemia alone is the cause of 
the chorioretinal degeneration, as this feature 
is not present in other diseases with hyperorni- 
thinemia.’®"’ 

Based on the known biochemical abnormali- 
ties in gyrate atrophy, Valle and Simell’ main- 
tained that two nonexclusive biochemical 
mechanisms for the degeneration seem most 
plausible. The first involves the inhibition of 
the extramitochondrial arginine-glycine trans- 
amidinase pathway by the increased ornithine 
levels, resulting in deficiency of production of 
creatine phosphate. Relatively little is known 
about the role of creatine phosphate as an 
essential energy store for the retina. Walliman 
and associates’ have shown high concentra- 
tions of creatine kinase and creatine phosphate 
in rod and cone photoreceptor cells. Immuno- 
fluorescent studies of the two isoforms of crea- 


Fig. 9 (Wilson, Weleber, and 
Green). Retina at junction between 
relatively normal and atrophic are- 
as. Some mitochondria with elec- 
tron-lucent matrices and distorted 
cristae are present in the rod inner 
segments (arrows). No similar 
changes are present in the retinal 
pigment epithelium (x 3,400). 


tine kinase localized the brain isoform to the 
inner segment of both rod and cone photore- 
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Fig. 10 (Wilson, Weleber, and Green). Low-power 
photomicrograph of photoreceptors and retinal pig- 
ment epithelium in the posterior pole (X 120). 
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ceptors and the mitochondrial isoform to the 
ellipsoid of the inner segments of the photore- 
ceptors. 

The second proposed mechanism for the 
chorioretinal degeneration involves deficient 
production of delta'-pyrroline-5-carboxylate 
secondary to the deficiency of ornithine amino- 
transferase and to the inhibitory effects of orni- 
thine on the enzyme delta’-pyrroline-5-car- 
boxylate synthase. Deficient production of 
delta'-pyrroline-5-carboxylate results in de- 
creased proline synthesis and disrupts the regu- 
latory roles of delta'-pyrroline-5-carboxylate 
and its metabolic interconversions on the intra- 
cellular redox level and hexose monophosphate 
shunt activity. 

Maintenance of a low mitochondrial water 
content is dependent on normal mitochondrial 
adenosine triphosphate production” and the 
osmotic forces across the mitochondrial mem- 
branes. Since both delta'-pyrroline-5-carboxyl- 
ate and creatine phosphate are potentially in- 
volved with the chemiosmotic mechanism of 
mitochondrial adenosine triphosphate produc- 
tion, which secondarily affects mitochondrial 
water homeostasis, it is possible that deficiency 
of either or both of these biochemical com- 
pounds could cause the mitochondrial swelling. 
Alternatively, accumulation of osmotically ac- 
tive metabolites within the mitochondria could 
result in mitochondrial swelling on an osmotic 
basis. 

Other diseases with known defects of mito- 
chondrial energy metabolism, such as Kearns- 
Sayre syndrome or cytochrome oxidase 
deficiency, have distinct abnormalities of mito- 
chondrial structure. Mitochondrial swelling, 
however, is not a feature of those disorders. 


Fig. 11 (Wilson, Weleber, and 
Green). Transition from pigmented 
polarized retinal pigment epitheli- 
um (asterisk) to depigmented spin- 
dle-shaped retinal pigment epithe- 
lium (arrowhead) is abrupt and 
occurs where the retinal pigment 
epithelium loses contact with the 
photoreceptor inner and outer seg- 
ments (X 2,800). 


It is still unclear what role mitochondrial 
swelling played in the chorioretinal degenera- 
tion, as only minor mitochondrial swelling was 
present in the photoreceptors. The most severe 
mitochondrial changes were present in the cor- 
neal endothelium and nonpigmented ciliary 
epithelium, tissues that do not manifest any 
clinical abnormalities in gyrate atrophy. It may 
be that the prominent ultrastructural abnor- 
malities of the mitochondria are not detrimen- 
tal to the involved cells. 

It is always difficult to determine from the 
study of postmortem tissue whether the photo- 
receptors or retinal pigment epithelium cells 
are the primary cells involved in a retinal dys- 
trophy. We did find abnormalities of the mito- 
chondria of the photoreceptors that were not 
present in the retinal pigment epithelium. Fur- 
thermore, in the relatively intact posterior pole, 
focal areas of photoreceptor atrophy were 
found in association with hyperplastic retinal 
pigment epithelium. We think both these 
findings are more suggestive of a primary pho- 
toreceptor abnormality than a retinal pigment 
epithelial defect. 
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OPHTHALMIC MINIATURE 
His eyes had a starey look, somewhat like the eyes of people who wear 


glasses when they have their glasses off. 


John D. MacDonald, Pale Gray for Guilt 
New York, Ballantine Books, 1968, p.23 





Signs, Complications, and Platelet Aggregation in Familial 


Exudative Vitreoretinopathy 





C. Erik van Nouhuys, M.D. 


Between 1979 and 1989, I examined 106 pa- 
tients (16 pedigrees) with signs of familial 
exudative vitreoretinopathy. Of these pa- 
tients, 101 had familial exudative vitreoreti- 
nopathy, and five had a sporadic manifesta- 
tion. The complications of familial exudative 
vitreoretinopathy, deformation of the posteri- 
or retina, vitreous hemorrhage, amblyopia, 
and retinal detachment, caused diminished 
visual acuity. Of 170 eyes, retinal neovascu- 
larization was observed in 18 eyes (11%), and 
retinal exudates were observed in 16 eyes (9%). 
Several forms of retinal detachment occurred 
in 37 of 180 eyes (21%), which often took an 
unfavorable course. A falciform retinal fold 
was observed in 14 eyes (8%). Retinal surgery 
was performed in 14 eyes; reattachment of the 
retina was successful in only seven eyes. 
Platelet aggregation studies disclosed no sig- 
nificant differences between seven patients 
with familial exudative vitreoretinopathy and 
ten control subjects. The pathogenesis of the 
disease is based on a premature arrest of the 
vascular development of the retina. 


Fama EXUDATIVE VITREORETINOPATHY (also 
known as dominant exudative vitreoretinopa- 
thy) is a hereditary disorder with autosomal 
dominant transmission characterized by a 
boundary of the retinal vascular network in the 
equatorial region of the fundus and avascular- 
ity of the peripheral retina, especially on the 
temporal side. More severely affected eyes 
show a variety of signs, such as deformation of 
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the posterior retina, ectopia of the macula, 
retinal neovascularization and exudates, pig- 
mentary changes of the retina, retinal breaks, 
vitreous hemorrhages and membranes, retinos- 
chisis, retinal detachment, cataract, band- 
shaped keratopathy, and phthisis bulbi.’* 

The fundus abnormalities of familial exuda- 
tive vitreoretinopathy are similar to those of 
retinopathy of prematurity. Therefore, retinop- 
athy of prematurity can be regarded as a pheno- 
copy of familial exudative vitreoretinopathy.*” 

Because of its frequently asymptomatic 
course and the diversity of signs, the disease is 
often unrecognized or diagnosed incorrectly. 
The purpose of this study was to describe and 
catalog the various signs and complications of 
the disease as well as their prevalence in a 
relatively large group of patients. 

Chaudhuri and associates! reported dis- 
turbed platelet aggregation in seven patients 
with familial exudative vitreoretinopathy. In 
view of these findings, I performed a controlled 
study of platelet aggregation in 17 patients. 





Patients and Methods 





Between 1979 and 1989, I examined Dutch 
families with familial exudative vitreoretinopa- 
thy at the Eye Clinic of the University of Nijme- 
gen and at the Canisius-Wilhelmina Hospital. 
Generally, familial exudative vitreoretinopathy 
was diagnosed after biomicroscopic observa- 
tion of the characteristic equatorial demarca- 
tion between vascular and avascular retina and 
the angiographic finding of nonperfusion of the 
peripheral retina. 

Ophthalmic examinations of 350 patients 
showed characteristics of familial exudative vit- 
reoretinopathy in 106 patients. The disease was 
familial in 101 patients from 16 pedigrees. In 11 
of these patients, the vascular lesions of the 
peripheral retina were so slight that the diagno- 
sis could not be confirmed with absolute cer- 


34 ©AMERICAN JOURNAL OF OPHTHALMOLOGY 111:34-41, JANUARY, 1991 





Vol. 111, No. 1 


Familial Exudative Vitreoretinopathy 35 





tainty. The data of these 11 patients are not 
included. The remaining 90 patients in the 16 
pedigrees showed evident signs of the disease. 
Five of these patients, including identical 
twins, showed unmistakable ocular lesions, al- 
though no signs of familial exudative vitreoreti- 
nopathy could be found in their immediate 
family. As such sporadic cases may result from 
genetic heterogeneity, the data on these pa- 
tients are not included. All patients with famil- 
ial and sporadic exudative vitreoretinopathy 
had a birthweight over 2,000 g, and none were 
premature. Three patients had been given some 
supplemental oxygen immediately after birth 
for one or two days. 

In all patients, the ophthalmic examination 
included determination of visual acuity, deter- 
mination of the eye position and kappa angle, 
and slit-lamp examination of the anterior seg- 
ment. Patients were questioned regarding any 
previous ocular diseases and neonatal details. 
Ophthalmoscopy was always performed in full 
mydriasis after instillation of 0.5% tropic- 
amide, 5% phenylephrine, and sometimes 1% 
cyclopentolate eyedrops. In all older children 
and adults, the fundus was examined by biomi- 
croscopy with a three-mirror contact lens. For 
young children, ophthalmoscopy was consid- 
ered sufficient. Fluorescein angiography and 
color photography of the peripheral fundus and 
posterior pole were performed in selected pa- 
tients. In a few of the patients, kinetic perime- 
try (Goldmann), scotopic and photopic electro- 
retinography, and electro-oculography were 
performed. 

Hematologic tests and platelet aggregation 
tests were performed in seven patients with 
unmistakable familial exudative vitreoretinop- 
athy in three pedigrees and in ten age-matched 
control subjects. 

For the platelet aggregation tests, citrated 
blood from patients and control subjects was 
used to prepare platelet-rich plasma by centrif- 
ugation on a cushion for 20 minutes at 250 G.” 
Aggregation in platelet-rich plasma was mea- 
sured with a photometer. Aggregation was in- 
duced with adenosine diphosphate diluted to 
end-concentrations of 10° mol/l, 4 x 107 
mol/l, and 2 x 107 mol/l; collagen suspen- 
sions in 0.9% sodium chloride (2 x 10° land 5 
x 10°°1); and arachidonic acid (end concentra- 
tions of 5 Xx 10° mol/l and 1.5 x 10™° mol/l). 
The bleeding time was determined in five pa- 
tients and ten control subjects. This was done 
after placing a sphygmomanometer cuff on the 
upper arm and inflating it to 40 mm Hg, using a 
bleeding-time device. 


Results 


Visual acuity was determined in 176 eyes of 
90 patients with evident familial exudative vit- 
reoretinopathy (the patients with minimal fun- 
dus lesions and nonfamilial exudative vitreo- 
retinopathy were excluded). Whenever visual 
acuity was determined more than once in the 
same individual, the most recent value was 
recorded. Of 176 eyes, visual acuity was 20/20 
or better in 65 eyes (37%); 20/35 to 20/25 in 48 
eyes (27%); 20/70 to 20/40 in 14 eyes (8%); 
20/200 to 20/100 in 12 eyes (7%); counting 
fingers in 17 eyes (10%); hand motions in seven 
eyes (4%); and no light perception in 15 eyes 
(9%). Determined binocularly, visual acuity 
was 20/100 or less in 13 of 88 patients (15%). 

In 180 eyes of 90 patients with familial exu- 
dative vitreoretinopathy, the vitreous was nor- 
mal in 80 eyes (44%); syneresis and liquefac- 
tion were noted in 42 eyes (23%); delicate white 
particles were seen in 27 eyes (15%); pigment- 
ed cells were noted in nine eyes (5%); vitreous 
hemorrhage occurred in four eyes (2%); prereti- 
nal membranes and opacities were seen in 30 
eyes (17%); membranes in various parts of the 
vitreous were seen in 25 eyes (14%). In 12 eyes, 
clinical or histologic examination disclosed ex- 
tensive retrolental organizations in combina- 
tion with total retinal detachment and often 
with secondary lesions of the anterior segment 
and atrophy of the entire globe (Fig. 1). 

A solid local fibrovascular mass of tissue was 
observed in ten eyes (6%). Without exception 
this mass was localized in the temporal or 
inferotemporal part of the fundus periphery 
and was linked to the local retina, the ciliary 
body, and the peripheral part of the posterior 
lens capsule. In most cases, a fixed falciform 
retinal fold had developed in association with 
this lesion. 

Avascularity of the peripheral retina and the 
typical demarcation by the border of aberrant 
terminal ramifications of the retinal vessels in 
the region of the temporal equator were ob- 
served in 135 of 170 eyes (79%) (Fig. 2). The 
configuration of the retinal vessels central to 
this marginal zone was often aberrant. In other 
studies of familial exudative vitreoretinopathy, 
this region showed an abnormally large num- 
ber of vascular ramifications in which the 
course showed an abnormally parallel orienta- 
tion.” A configuration of this type was seen 
in 108 of 170 eyes (64%) in the present series. 

Neovascularizations were found in 18 of 170 
eyes (11%) with familial exudative vitreoreti- 
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Fig. 1 (van Nouhuys). Left eye of a 25-year-old 
man. The anterior segment shows a totally cataract- 
ous lens with a highly vascularized mass of fibrous 
tissue visible behind it. 


nopathy; these usually developed from the 
most peripheral retinal vascular ramifications 
on the temporal side of the fundus. The activity 
of these neovascularizations differed consider- 
ably. In children, the vessels sometimes 
showed a vital appearance with a red color, 
incidental local bleeding in or in front of the 
retina was seen, or growth was observed. In 
older children and adults, the neovasculariza- 
tions were usually fibrotic, although fluoresce- 
in angiography disclosed perfusion and leakage 
of the dye (Figs. 3 and 4). 

Ectopia of the macula, ranging from hardly 
perceptible to pronounced, was observed in 83 
of 170 eyes (49%). The macular displacement 
was always temporal or inferotemporal. 

As other studies’! have shown, exudates 
were fairly uncommon, occurring in 16 of 170 
eyes (9%). They were usually small intraretinal 
exudates in the region of the temporal equator, 
but massive subretinal exudates were inciden- 
tally observed (Fig. 5). Other fundus changes 
included the following: tortuous retinal veins 
in 56 eyes (33%); deformation of posterior reti- 
na in 101 eyes (59%); dragged optic disk in 16 
eyes (9%); retinal pigmentation in 35 eyes 
(21%); retinal hemorrhages in two eyes (1%); 
retinal defects in 19 eyes (11%); white changes 
of peripheral retina in 37 eyes (22%); and 
atrophic changes of choroid and retinal pig- 
ment epithelium in 39 eyes (23%). 

In 37 of 180 eyes (21%) with evident familial 
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Fig. 2 (van Nouhuys). Left fundus of a 17-year-old 
girl. Fluorescein angiogram (venous phase) of the 
temporal equator region shows the typical configura- 
tion of retinal vessels of familial exudative vitreoreti- 
nopathy. The peripheral retina is avascular and 
shows a V-shaped notch between the terminal ramifi- 
cations of the superotemporal and inferotemporal 
vessels (arrow). 


exudative vitreoretinopathy, retinal detach- 
ment occurred once or several times or a pre- 
existing retinal detachment was found. Eight of 
180 eyes (4%) showed retinoschisis, which was 
always limited to a segment of the peripheral 
retina. 

Recent rhegmatogenous retinal detachment 
was observed in nine of the 37 eyes with retinal 
detachment. The retinal defects in this group 
were widely diverse, including small round 
holes, horseshoe-shaped tears, and even giant 
tears (Fig. 6). Ten eyes had become blind before 
first examination because of chronic total reti- 
nal detachment. Two eyes in this group were 
subjected to light microscopic examination, 
which disclosed extensive lesions of the type 
observed histologically in the terminal stage of 
a proliferative retinopathy. The pathologic fea- 
tures of one specimen were previously report- 
ed,* and these features corresponded with the 
microscopic findings of other studies." 

Fourteen eyes showed a falciform retinal fold. 
In all of these eyes, a prominent fold extended 
from the optic disk through the posterior pole 
to the temporal or inferotemporal periphery of 
the fundus (Fig. 7). I observed several of these 
falciform retinal folds over a period of more 
than five years, without any change in the 
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Fig. 3(van Nouhuys). Right fundus of a 5-year-old 
girl. The temporal equator region shows partly fibrot- 
ic new vessels and a few minor retinal hemorrhages. 


position of the retina. In the eye of a young girl, 
however, the formation of a falciform retinal 
fold could be observed. Another child with 
bilateral falciform retinal folds showed gradual 
progression toward a total funnel retinal de- 
tachment in one eye. Most falciform retinal 





Fig. 5 (van Nouhuys). Left fundus of a 14-year-old 
girl. A large subretinal exudate is visible in the nasal 
upper quadrant. Note the preretinal membranes. 
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Fig. 4 (van Nouhuys). Right fundus of a 33-year- 
old woman. Fluorescein angiogram shows leakage of 
dye from an equatorial neovascularization. The new 
vessels were chronic and partly fibrotic. 


folds developed at preschool age, and a few 
were observed within a few months of birth. 
Only one eye showed a purely exudative 
retinal detachment, and biomicroscopy dis- 
closed no retinal defects in this eye. In another 
eye with total, mainly tractional retinal detach- 
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Fig. 6 (van Nouhuys). Right eye of a 14-year-old 
girl. Detached retina with a giant tear on the superior 
side. 
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Fig. 7 (van Nouhuys). Left fundus of a 30-year-old 
woman. Falciform retinal fold extending from the 
optic disk across the posterior pole to the inferotem- 
poral periphery. 


ment, however, extensive subretinal exudates 
were found (Fig. 5). 

Retinal detachment surgery was performed in 
14 eyes (12 eyes of patients with familial exuda- 
tive vitreoretinopathy and two eyes of a patient 
with sporadic exudative vitreoretinopathy). 
The surgery was done in different hospitals by 
different ophthalmic surgeons and included 
scleral buckling operations (eight eyes), pars 
plana vitrectomy with or without scleral buck- 
les (six eyes), pars plana vitrectomy with sili- 
cone oil (six eyes), removal of subretinal sili- 
cone oil (one eye), and removal of sponges (one 
eye). A total of 22 retinal operations were 
performed. 

Surgery was performed in patients with rheg- 
matogenous retinal detachment with or with- 
out signs of proliferative vitreoretinopathy, 
tractional retinal detachment without visible 
breaks, and exudative retinal detachment. One 
eye underwent a vitrectomy because of progres- 
sion of traction on an attached retina. 

Seven operations (two vitrectomies and five 
scleral buckling procedures) were successful 
(reattachment during at least six months after 
the operation); 13 operations (ten vitrectomies 
and three scleral buckling procedures) were not 
successful (nonattachment or redetachment 
within six months after the operation). In eight 
eyes the first operation was not successful, and 
six eyes required more than one operation. 


Reattachment of the retina in one or more 
procedures was successful in seven eyes. The 
age of the patients in this group at the time of 
operation ranged from 19 to 56 years (mean, 30 
years). The retinas of the other seven eyes could 
not be repositioned. The age of these patients at 
the time of surgery ranged from 5 to 18 years 
(mean, 13 years). 

The platelet aggregation test results are listed 
in the Table. For each aggregation inducer, the 
mean and the standard deviation of the number 
of aggregation units determined photometrical- 
ly in the patient group and in the control group 
were compared. Using adenosine diphosphate 
in three different concentrations, no significant 
difference was found between the patient group 
and the control group (P = .27, .52, and .70, 
respectively). Using 1.5 mmol/l of arachidonic 
acid, no significant difference was found (P = 
.22). With 5 mmol/l of arachidonic acid, how- 
ever, platelet aggregation in the patient group 
was found to exceed that in the control group (P 
= 003). With 5 x 10°°1 of collagen as inducer, 
there was no significant difference (P = .52), 
but with 2 x 10°°1 of collagen, a slightly lower 
aggregation was found in the patient group; 
however, the difference was not significant (P = 
.04). The bleeding time averaged 538 seconds 
(standard deviation, 67 seconds) in five pa- 
tients, compared with 522 seconds (standard 
deviation, 157 seconds) in ten control subjects. 
These values did not differ significantly. 





Discussion 





Although familial exudative vitreoretinopa- 
thy may lead to blindness at an early age, most 
of the gene carriers showed no severe visual 
handicap. The course of the visual function 
tests during the period of observation con- 
firmed the postulate that the disease is not a 
gradually progressive degeneration, as some 
researchers believe. When visual acuity was 
diminished, it was a result of complications. 
The following complications may lead to dimin- 
ished visual acuity: deformation of the macula 
because of traction or edema, vitreous hemor- 
rhage, retinal detachment, and, in young chil- 
dren, amblyopia.**'* Amblyopia as a complica- 
tion of familial exudative vitreoretinopathy has 
rarely been reported, but probably is not un- 
common. Amblyopia, usually combined with 
considerable anisometropia, played a role in 
the diminished visual acuity of 12 (13%) of my 
patients. 
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In 80 of 180 (44%) eyes, no vitreous lesions 
were observed. Pronounced vitreous mem- 
branes were almost exclusively seen in eyes 
with an extensive retinopathy or in eyes with 
chronic retinal detachment. These findings 
seem to warrant the conclusion that the vitre- 
ous changes in familial exudative vitreoreti- 
nopathy results from the vasculopathy and its 
complications, such as retinal neovasculariza- 
tions and vitreous hemorrhages. Chronic leak- 
age of blood constituents from retinal vessels 
may also induce fibrous proliferation in the 
preretinal vitreous, as Machemer’™ suggested. 

The vascular lesions of the peripheral retina 
in familial exudative vitreoretinopathy have 
been frequently described.?561321 The avascu- 
larity of the peripheral retina and the typical 
demarcation by the equatorial zone of aberrant 
terminal ramifications of retinal vessels were 
observed biomicroscopically in 135 of 170 eyes 
(79%). In familial exudative vitreoretinopathy, 
the marginal zone of peripheral vascular 
branches frequently shows a V-shaped notch 
near the temporal horizontal meridian (Fig. 
2).*? Miyakubo, Hashimoto, and Miyakubo"™ 
found this configuration in 108 (81%) of the 
eyes in their series, and regarded the anomaly 
as one of the principal characteristics of familial 
exudative vitreoretinopathy. 

It is extremely interesting to compare this 
configuration with the normal human fetal reti- 
na during the final two to three months of the 
intrauterine period. The flat specimen of the 
normal fetal retina in this stage shows a V- 
shaped marginal zone of immature vascular 
tissue,“ which is identical with the configura- 
tion of the border zone in the mature eye in 
familial exudative vitreoretinopathy. This mor- 
phologic similarity supports the postulate that 
the pathogenesis of this disease is based on 
premature arrest of the vascular development 
of the retina. In view of the state of develop- 
ment of the retinal vascularization in the fun- 
dus in familial exudative vitreoretinopathy, 
this arrest cannot have occurred before the 
seventh month of the intrauterine period. 

The relationship between familial exudative 
vitreoretinopathy and falciform retinal fold has 
been discussed.*’*’ Fourteen cases of falciform 
retinal fold were found in families with familial 
exudative vitreoretinopathy, which shows that 
familial exudative vitreoretinopathy is an im- 
portant and probably by far the most frequent 
cause of falciform retinal fold in patients who 
otherwise show no general congenital anoma- 
lies. 

These observations are important, not only 


TABLE 
PLATELET AGGREGATION IN PATIENTS WITH FAMILIAL 
EXUDATIVE VITREORETINOPATHY AND CONTROL 





SUBJECTS 
PATIENTS CONTROL SUBJECTS 
NO. UNITS OF NO. UNITS OF 
AGGREGATION AGGREGATION 
AGGREGATION INDUCER — — 
AND CONCENTRATION MEAN S.D. MEAN S.D. 
Adenosine diphosphate 
10-8 mol/l 7 117 26 10 130 14 
Adenosine diphosphate 
4 x 107 mol/l 4 111 17 10 119 26 
Adenosine diphosphate 
2 x 107 mol/l 6 99 15 9 94 28 
Collagen 2 x 10-5 | 7 $ 17 10 1116 11 
Collagen 5 x 108| 6 92 7 7 96 14 
Arachidonic acid 
5 mmol/l 7 76 5 8 65 6 
Arachidonic acid 
1.5 mmol/l 7 23 4 10 17 11 


for the classification of the congenital retinal 
fold syndrome but also because they provide 
information about the pathogenesis of this con- 
dition. 

Mann“' postulated that a falciform retinal fold 
resulted from local accretion between the pri- 
mary vitreous and the inside of the optic cup. 
Michaelson” and Pruett” maintained that the 
anomaly resulted from persistent hyperplastic 
primary vitreous in the posterior part of the 
vitreous space. These theories concerning the 
primary vitreous are no longer tenable because 
falciform folds develop as a complication of 
familial exudative vitreoretinopathy, a disease 
not associated with disorders of the primary 
vitreous development. I believe the falciform 
fold that develops in familial exudative vitreo- 
retinopathy has a pathogenesis similar to that 
of the fold, which may develop in retinopathy 
of prematurity. 

Chaudhuri and associates” reported dis- 
turbed platelet aggregation, especially after in- 
duction with a low concentration of arachidon- 
ic acid (1.5 mmol/l). They speculated that a 
deficiency of thromboxane A, (a potent vaso- 
constrictor) might play a role in the pathogene- 
sis of the vascular anomalies in familial exuda- 
tive vitreoretinopathy. This prompted me to 
repeat platelet aggregation tests in patients 
with familial exudative vitreoretinopathy, 
using the same inducers and identical concen- 
trations. I was unable to demonstrate any sig- 
nificant difference in platelet aggregation be- 
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tween patients and control subjects. These 
results agree with those reported by Friedrich, 
Francis, and Kim.” However, they found an 
increased bleeding time in one patient with 
familial exudative vitreoretinopathy. My hema- 
tologic findings do not indicate an abnormal 
bleeding time in this disorder. 

The presence and growth of nonfibrotic neo- 
vascularizations were observed in some of the 
patients older than six years of age; in retinopa- 
thy of prematurity this has rarely been de- 
scribed. The clinical features of the two diseas- 
es are therefore not always identical. 

Vitreous hemorrhage can be a serious com- 
plication at a young age, as I have observed ina 
few infants. In one untreated eye, the hemor- 
rhage was followed by a total retinal detach- 
ment with a closed funnel within a few weeks. 
These observations warrant regular examina- 
tions of the peripheral fundi of young children 
and prompt cryocoagulation or laser coagula- 
tion of any new vessels. Small neovasculariza- 
tions generally showed rapid regression after 
therapy (Fig. 8). 

Adult eyes sometimes showed small, partly 
fibrotic new vessels that were asymptomatic 
and did not change during years of observation. 
In such patients, periodic checkups would seem 
to be sufficient. 

Retinal detachment in familial exudative vit- 
reoretinopathy shows numerous clinical varia- 
tions and usually occurs at an early age. In my 
patients, all detachments had occurred before 





Fig. 8 (van Nouhuys). Left fundus of a 10-year-old 
girl. Fibrotic tissue (arrows) as a remnant of neovas- 
cularization two years after cryocoagulation of the 
peripheral retina. 


age 30 years, with the exception of one rhegma- 
togenous detachment seen in a 56-year-old 
man. 

Traction on the peripheral retina seems to be 
the principal cause of retinal detachment in 
familial exudative vitreoretinopathy. In some 
cases, this traction displaces the retina without 
visible breaks. The best example of a tractional 
detachment is the frequently observed falci- 
form retinal fold. Often, however, traction 
causes retinal defects, which may vary widely 
in size and shape (Fig. 6). 

Retinal detachment in familial exudative vit- 
reoretinopathy proved to be a serious complica- 
tion with a relatively unfavorable course. Of 41 
eyes (37 eyes of patients with familial exudative 
vitreoretinopathy and four eyes of patients 
with sporadic exudative vitreoretinopathy), 22 
with retinal detachment had not been treated 
with retinal surgery. Generally, this was be- 
cause of the poor prognosis concerning visual 
improvement, especially in patients with falci- 
form retinal folds or chronic detachments asso- 
ciated with severe proliferative vitreoretinopa- 
thy. 

Retinal surgery in familial exudative vitreo- 
retinopathy was often complicated by nonat- 
tachment or redetachment after surgery. In 
only seven eyes the retina was reattached after 
one or more operations. Complications after 
operative therapy have been previously report- 
ed.’"! The results of retinal surgery seemed to 
be related to the age of the patients at the time 
of operation. All operations on eyes of patients 
younger than the age of 19 years were unsuc- 
cessful, whereas the retinas of all eyes of pa- 
tients older than 19 years of age were treated 
successfully. In the eyes of patients older than 
19 years of age, extensive proliferative vitreo- 
retinopathy was an unusual feature, whereas 
the retinal detachments in the younger patients 
were more prone to develop this complication, 
often before surgery. Therefore, pars plana vit- 
rectomy was the main surgical procedure in the 
younger patients, whereas a scleral buckling 
technique was performed in most of the older 
patients. In children with familial exudative 
vitreoretinopathy and retinal detachment, the 
surgeon faces the same problems as in the 
treatment of retinal detachment in patients 
with retinopathy of prematurity. In patients 
with retinopathy of prematurity, also in the 
older patients with regressed retinopathy of 
prematurity, the risk of recurrent retinal de- 
tachment is greater than normal.” 

Virtually all patients with familial exudative 
vitreoretinopathy showed a pedigree consistent 
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with autosomal dominant transmission of the 
gene. Five patients, including identical twins, 
had no close relatives with perceptible anoma- 
lies. Such solitary cases of patients with ocular 
anomalies identical to those of familial exuda- 
tive vitreoretinopathy have also been observed 
by other investigators.” Whether such cases 
involve a mutation, nonpenetrance of the auto- 
somal dominant gene in one of the parents, or 
genetic heterogeneity is unknown. 
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Photic Retinal Injury From Endoillumination During 


Vitrectomy 





Ferenc Kuhn, M.D., Robert Morris, M.D., and Michael Massey, M.D. 


We treated a patient who developed a para- 
macular area of light-induced retinal damage 
after endoscopic epimacular membrane re- 
moval. Postoperative color photographs 
showed complete absence of the membrane, 
but fluorescein angiography demonstrated a 
previously absent superior paramacular le- 
sion consistent with a photic injury. Opera- 
tive microscope illumination had been elimi- 
nated by corneal shielding, which implicated 
endoillumination as the source of injury. We 
recommend the following procedures to avoid 
this complication: careful planning of vitre- 
ous surgery for epimacular membrane remov- 
al; using filters; minimizing the length of 
surgery; keeping the light output low; main- 
taining maximal light pipe distance from the 
retina; eccentric orientation of the light pipe; 
and use of intermittent and variable site illu- 
mination techniques. 


The possisiity that the operating microscope 
may cause photic retinal damage was suggested 
in 1977! and confirmed in 1983.°" Reports of 
this occurrence have since proliferated.** Ex- 
perimental data and clinical observations have 
indicated that light-induced retinal injury may 
also be a complication of the application of the 
indirect ophthalmoscepe,*”" the slit lamp, and 
the overhead surgical lamp.” Several experi- 
mental studies have demonstrated the potential 
for retinal photic toxicity caused by endoillumi- 
nation." McDonald, Verre, and Aaberg" de- 
scribed lesions similar to retinal light burns 
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produced by the operating microscope, which 
they believed to be caused by an endoillumina- 
tor. We treated a patient who developed photic 
retinal injury associated only with fiberoptic 
endoillumination. 





Case Report 


An 85-year-old woman had sudden visual 
deterioration in the right eye. Five years previ- 
ously, the patient had had cataract surgery with 
posterior chamber intraocular lens implanta- 
tion, recovering 20/20 visual acuity postopera- 
tively. On admission, she had visual acuity of 
hand motions in the right eye because of dense 
vitreous hemorrhage and a retinal detachment 
that involved the macula. Visual acuity was 
20/20 in the left eye. 

The patient underwent a trans pars plana 
vitrectomy with endodrainage of subretinal flu- 
id, air-fluid exchange, exocryopexy of a horse- 
shoe retinal tear, and implantation of an encir- 
cling band. One month later, visual acuity 
improved to 20/400 with complete retinal reat- 
tachment. Visual acuity three months postoper- 
atively reached 20/160, but a dense epimacular 
proliferation caused significant prefoveal opac- 
ity and distortion (Figure, top left and top 
right). 

The epimacular membrane was removed five 
months after retinal detachment surgery. Ac- 
cording to the hospital operative record, a 
“very thick, and somewhat friable, not com- 
pletely mature membrane was peeled off with 
great patience.” Less than two months later, 
visual acuity had improved to 20/80, and no 
residual membrane could be detected. An oval 
area of 1 disk diameter was observed to have 
faint depigmentation 1 disk diameter superior 
to the fovea (Figure, bottom left). Fluorescein 
angiography showed hyperfluorescence with 
mottled hypofluorescence over the correspond- 
ing area (Figure, bottom right). 
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Figure (Kuhn, Morris, and Massey). Top left, Preoperative appearance of epimacular membrane with severe 
distortion and prefoveal opacity. Note healthy retina superior to the fovea. Top right, Preoperative fluorescein 
angiogram showing severely distorted vessels but normal area superior to the macula. Bottom left, Two months 
postoperatively, the epimacular membrane is absent but discrete depigmentation is visible superior to the fovea. 
Bottom right, Postoperative fluorescein configuration showing an oval lesion of hyperfluorescence with mottled 
hypofluorescence, consistent with photic injury, in the corresponding area. 





Discussion 





Several extraocular light sources are known 
to cause potential retinal injury. Solar observa- 
tion may result in foveomacular retinitis.” A 
similar clinical course can be seen in patients 
with welding arc ẹxposure.™ Retinal damage 
may also occur because of radiant energy,’ 


atomic bomb explosion,”” and industrial la- 
sers.“' Although chorioretinal burn is a goal of 
retinal laser surgery, it is a hazard associated 
with many other ophthalmic devices. !3.812.16,22-24 
In one study, maculopathy induced by the oper- 
ating microscope was detected in no less than 
7% of patients undergoing cataract surgery.” 
The eye has several protective mechanisms 
against damage caused by light. The globe is 
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partially shadowed by the eyebrow ridge. If 
light is excessive, the eye turns away from the 
light source, the cormea can rapidly be covered 
by the eyelids, or the palpebral fissure is nar- 
rowed (squint).”°*’ The cornea reflects most 
light not perpendicular to its surface (according 
to Fresnel’s law, 30% to 60% of all overhead 
radiation is so reflected) and is opaque to ultra- 
violet light below 300 nm.” The pupillary con- 
striction reflex reduces retinal irradiance by the 
square of the power level.” The crystalline lens 
filters out most radiation in the near-ultraviolet 
spectrum between 300 and 400 nm.” The retina 
itself has additional protective measures 
against injury caused by light. Xanthophyll 
reduces photoreceptor exposure to near-ultra- 
violet and blue light”; photoreceptor exposure 
to light scattered back from the retinal pigment 
epithelium and choroid is reduced by melanin; 
and melanin also protects against toxic-free 
radicals and toxic chemicals.” 

With the exception of retinal sources of pro- 
tection, however, none of these mechanisms are 
available for the individual exposed to a light 
source introduced inte the eye, such as in vitre- 
ous surgery. In an animal model, light-induced 
retinal damage was observed from a stationary 
fiberoptic endoilluminator at 2 mm from the 
retina. Using a 150-W halogenated tungsten 
projector bulb, ten minutes of exposure was 
enough to cause histologic changes in the outer 
retina; 15 minutes of exposure resulted in oph- 
thalmoscopically visible retinal damage.” 

The danger of iatrogenic endoscopic photic 
injury with subsequent visual impairment is 
greatest when vitrectemy is performed for the 
removal of an epimacular membrane. The sur- 
geon is often forced to keep a fiberoptic tip over 
the same small retinal area for a considerable 
time. Photic retinal injury not attributed to the 
operating microscope has been reported in one 
patient who developed two areas of retinal 
burn presumed secondary to fiberoptic endoil- 
lumination.’* It seems probable, however, that 
the actual number of such injuries is higher but 
that they are overlooked or unreported. A con- 
tributory factor, perhaps, is that photic injuries 
are less evident on ophthalmoscopy than on 
fluorescein angiography (Figure, bottom left 
and bottom right). 

The possibility of photic retinal injury associ- 
ated with endoscopic epimacular membrane 
removal requires the surgeon to undertake 
maximal protective measures. The most harm- 
ful ultraviolet and near-ultraviolet portions of 


the spectrum are almost entirely eliminated 
from the intraocular light source by using fil- 
ters. One study found that only 3% of the light 
provided by an intraocular fiberoptic cable was 
below 500 nm." Filters, however, are not the 
ultimate solution. In a human experiment, both 
ends of the visible spectrum were blocked by 
filters so that transmittance was less than 5% 
both at wavelengths greater than 750 nm and 
shorter than 420 nm. Nevertheless, one-hour 
exposure to a 150-W tungsten-halogen bulb of 
the operating microscope caused photic reti- 
nopathy.® 

Reducing the power of illumination is a logi- 
cal solution. Robertson and McLaren,” howev- 
er, found that a typical photic retinal lesion was 
produced despite reduction by one fourth of the 
overall light energy. If video recording of sur- 
gery is required, it may be difficult to find the 
appropriate compromise between ‘‘still suffi- 
cient” and “not harmful” amounts of light. 

Keeping the fiberoptic light pipe as far as 
possible from the retinal surface is another 
useful suggestion. In the study of Meyers and 
Bonner," the threshold to retinal damage in the 
owl monkey was almost tenfold higher with the 
fiberoptic at 6 mm from the retina as compared 
to only 2 mm from the retina. In some clinical 
situations, however, the surgeon cannot avoid 
using the light probe in close proximity to the 
retina. For example, bimanual manipulations 
are sometimes necessary, and the light probe 
frequently acts as a second instrument. The pic 
light probe was specifically designed for this 
purpose. 

Although retinal damage still occurs if light 
exposure is intermittent, it is less severe as 
compared to the same amount of light adminis- 
tered continuously.” This logical experimental 
conclusion, however, has not been replicated 
with human subjects. 

A possible preventive method involves re- 
ducing the temperature of the vitreous com- 
partment and, presumably, the retina. Rinkoff 
and associates” cooled the vitrectomy infusion 
fluid from body temperature to room tempera- 
ture, which extended the damage threshold 
from 25 to 60 minutes. Another well-designed 
study, however, demonstrated retinal photo- 
toxicity after as little as five minutes of close 
endoillumination, independent of infusion flu- 
id temperature (unpublished data). 

In reviewing our case, no doubt exists as to 
the source of photic injury. A corneal opaque 
shield was used during all operative micro- 
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scope illumination. Additionally, the patient's 
operative hospital record stated that to remove 
the friable and immature membrane complete- 
ly, great patience was necessary; that is, the 
light source must have been kept over the same 
retinal spot for a prolonged period, and peeling 
was initiated from the corresponding superior 
location. Finally, it is the operative habit of one 
of us (R.M.) to place the endoillumirator in this 
paramacular location during prolonged epi- 
macular membrane removal procedures to pro- 
tect the fovea. 

Our recommendations to avoid photic retinal 
injury from the endoilluminator include the 
following: be aware of possible photic retinal 
injury when preparing surgical strategy; make 
use of available filters; attempt to minimize the 
length of surgery; use minimal necessary light 
output; maintain maximal light pipe distance 
from the retinal surface consistent with safe 
membrane manipulation; even for the removal 
of a foveal membrane, maintain an eccentric 
orientation of the light pipe; avoid prolonged, 
continuous stationary positioning of the fiber- 
optic probe, even when close work is required; 
and if prolonged manipulation at a single site is 
necessary, use an intermittent light exposure. 
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OPHTHALMIC MINIATURE 

The walls were pale blue, and an assortment of framed Broadway posters 
hung from them, old broadsides advertising Oklahoma!, Mame, The Sound of 
Music. Aside from them, there was only one other picture, a very ornately 
drawn portrait of a woman whose eyes seemed to watch the world from 
behind a pale, gossamer screen. The eyes themselves were large and blue, 
and something about them disturbed him. For a time, he couldn't quite 
figure out what it was. Then, suddenly, he knew. Their color was the exact 
shade of the walls. Frank realized that either the walls or the eyes had been 


painted to match the other's color. 


Thomas Cook, Night Secrets 


New York, G. P. Putnam’s Sons, p. 96 





Light Damage in Detached Retina 


John D. Zilis, M.D., and Robert Machemer, M.D. 


We injected homologous fibroblasts over the 
retinal vascular wing in five rabbits to induce 
a tractional retinal detachment. Eleven days 
later, a focal area of detachment was exposed 
to 30 minutes of visible light by an intraocular 
fiberoptic probe. Histologic damage to the 
detached retina exposed to light was demon- 
strated. The outer retina was affected most 
severely. 


Licht DAMAGE IN ATTACHED RETINA has been 
demonstrated with various ophthalmic light 
sources, including the intraocular fiberoptic 
probe.” This damage primarily involves the 
outer retina and pigment epithelium,”° but it 
can also affect the inner retina if exposure is 
intense and of long duration.’ The exact mecha- 
nisms of such retinal damage and the role of the 
melanin-containing retinal pigment epitheli- 
um? remain unknown. We evaluated light 
damage in experimentally detached rabbit reti- 
na that had been separated from the retinal 
pigment epithelium. 





Material and Methods 





Five pigmented rabbits weighing between 2.5 
and 3.5 kg were housed under 50 foot-candle 
(ft-c) illumination on a 12-hour, light-dark cy- 
cle. At least two weeks before the experiments, 
the rabbits were given anesthesia with an intra- 
muscular injection of ketamine hydrochloride 
(30 mg/kg of body weight) and xylazine hydro- 
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chloride (5 mg/kg of body weight). Pupils were 
dilated by a 1:1 mixture of 0.25% tropicamide 
and 5% phenylephrine hydrochloride. The pe- 
ripheral retina was treated for 360 degrees at a 
distance of 4.5 mm from the corneoscleral lim- 
bus with transscleral cryopexy, under direct 
visual observation, in preparation for future 
sclerotomy sites. 

At least two weeks later, the vitreous cavities 
were injected with 250,000 homologous tissue- 
cultured fibroblasts. Fibroblasts were of a single 
line and had been harvested from rabbit rump 
dermis and tissue cultured in Dulbeccos modi- 
fied Eagle medium with 10% fetal bovine ser- 
um, antibiotics, and antimycotics, and main- 
tained at 37 C in an incubator with an 
atmosphere of 5% carbon dioxide in air. These 
were harvested for injection in a manner previ- 
ously described.” 

At the time of injection, the animals were 
again given anesthesia, and the pupils were 
dilated. Under direct visualization by the indi- 
rect ophthalmoscope, the cells, suspended in 
0.1 ml of phosphate-buffered saline, were in- 
jected slowly through the previously cryo- 
treated peripheral retina into the vitreous body 
over the vascular wing of the retina. The ani- 
mals were placed on their sides for one hour to 
allow settling of cells to occur on the vascular- 
ized retina. Indirect ophthalmoscopy was per- 
formed at Day 1 and Day 7 after injection to 
monitor progression of the proliferative re- 
sponse and resulting tractional retinal detach- 
ment. 

Eleven days after fibroblast injection, the ani- 
mals were again given anesthesia, and the pu- 
pils of the injected eyes were dilated. Retro- 
bulbar injections were not given. Rectal 
temperatures were monitored, and warming 
blankets were used to maintain body tempera- 
ture as needed. 

Sclerotomies were made 3.0 mm posterior to 
the corneoscleral limbus through previously 
cryotreated peripheral retina, and cannulas 
were placed to maintain an opening. Two addi- 
tional sclerotomies were placed for infusion 
and outflow. Midvitreous temperature was ob- 
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tained before beginning infusion and moni- 
tored during infusion by a temperature probe. 
Lactated Ringer’s infusion fluid was warmed to 
39.5 + 0.5 C in a water bath that was elevated 
26 inches above the level of the eye. Intraocular 
pressure was maintained between 14 and 21 
mm Hg, and intraocular temperature was main- 
tained at 38.3 + 0.3 C by constant perfusion of 
lactated Ringer’s solution. 

A glass fiberoptic probe attached to a light 
source with a 150-W, 21-V tungsten-halogen 
projector bulb had a measured light output of 
40.0 + 0.8 ft-c. To comfirm constant light out- 
put, the light measurement was performed be- 
fore and after the experiment by a radiometer / 
photometer with integrating sphere. 

The sclerotomy created for introduction of 
the fiberoptic probe was made inferiorly. The 
probe was advanced slowly by a micromanipu- 
lator to a distance of 1.0 mm from the detached 
retina, which created an approximate circle of 
light measuring 2.0 mm in its widest diameter 
as measured by the ocular micrometer of the 
surgical microscope. The area of the smoothly 
detached retina exposed to light was centered 
1.5 mm below the edge of the myelinated nerve 
layer and 1 disk diameter temporal to the disk 
in avascular retina. The calculated retinal irra- 
diance was 0.34 W/cm‘, which correlated well 
with previous in vitro measurements made by a 
similar experimental set-up.’ Light exposure 
was maintained for 30 minutes. The position of 
the fiberoptic probe was checked frequently 
during the procedure. 

After 30 minutes, the mstruments and cannu- 
las were removed and the sclerotomies were 
closed with 7-0 Vicryl sutures. The conjuncti- 
vae were closed, and 5 mg of gentamicin sulfate 
was injected subconjunctivally. Atropine 1% 
ointment was placed on the corneas. 

Postoperatively, the animals were examined 
daily by the indirect ophthalmoscope. On the 
third postoperative day, the animals were 
killed, and the eyes were injected with 3% 
glutaraldehyde in 0.1 mol/l of cacodylate buff- 
er immediately before enucleation. Additional 
glutaraldehyde was injected through 3.0-mm 
radial incisions bisecting the inferior corneo- 
scleral limbus, and the eyes were refrigerated 
and fixed for 48 hours. 

Posterior eye cups were prepared, and 3.0 x 
3.0-mm sections of retina centered in the area 
of light exposure were removed. Adjacent 3.0 x 
3.0-mm areas of detached retina were also sec- 
tioned and examined. 

The specimens were processed in 2% buff- 


ered osmium tetroxide through graded alcohol 
and embedded in epoxy resin plastic. Sections 
were stained with methylene blue and azure II 
for light microscopy, and thin sections were 
prepared and stained with uranyl acetate and 
lead citrate for transmission electron micro- 


scopy. 


Results 


Tractional retinal detachments developed 
within seven days of the fibroblast injection in 
all rabbits. The detachment was highest in the 
area of the vascular medullary wing from which 
a proliferative fibroblast strand extended to the 
area of the injection site (Fig. 1). The avascular 
retina below the wing was elevated with a 
defined inferior demarcation line separating 
the remaining attached retina from the gray- 
white detached retina. Subretinal white precip- 
itates were sometimes noted in the dependent 
portion of the detachment. Rabbits that 
developed rhegmatogenous, bullous detach- 
ments were excluded. 

A total of five pigmented rabbits fulfilled the 
experimental criteria. Daily postoperative indi- 
rect ophthalmoscopic examinations were per- 
formed. On the first postoperative day, all eyes 
displayed significant posterior intraocular in- 





Fig. 1 (Zilis and Machemer). Tractional retinal 
detachment of vascular medullary wings in a rabbit. 
Note proliferative fibroblast strand superiorly. 
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flammation that obscured retinal detail. Pro- 
gressive clearing, however, occurred by Day 3, 
which allowed observation of the area of light 
exposure. Focal retinal edema was not found, 
although slight retinal thinning was suspected 
in two animals. 

Histologically, the eyes of all five animals had 
much more severe damage in the area of light 
exposure than in other areas of retinal detach- 
ment. In the area of retinal detachment not 
exposed to light, patchy loss of photoreceptor 
outer segments and occasional macrophage in- 
filtration were noted. Generally, cellular orga- 
nization of retinal layers was well maintained 
(Fig. 2). 

Conversely, the areas of detached retina ex- 
posed to light displayed extreme destruction 
(Fig. 3). The photoreceptor elements were vir- 
tually eliminated with only small degenerated 
inner segments remaining. Macrophages were 
found along the outer limiting membrane. The 
outer nuclear layer demonstrated nuclear drop- 
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Fig. 2 (Zilis and Machemer). Photomicrograph of 
detached retina without light exposure (X 400). 





out and pyknosis. The inner retinal layers were 
relatively well preserved, although small cystic 
spaces were observed. 


Discussion 


Retinal damage caused by visible light is 
known to occur when an intraocular fiberoptic 
light source is used.*" In attached retina, histo- 
logic damage has been demonstrated primarily 
in the outer retina and pigment epithelium.*” 
Noell and associates® speculated that the dam- 
age is caused by photochemical events that are 
sensitive to changes in temperature. 

The melanin-containing retinal pigment epi- 
thelium demonstrated damage when exposed 
to visible light, although its role in mediating 





Fig. 3 (Zilis and Machemer). Photomicrograph of 
detached retina with 30 minutes of light exposure. 
Note massive destruction of outer retina and loss of 
photoreceptors (X 400). 


50 AMERICAN JOURNAL OF OPHTHALMOLOGY 


January, 1991 


i 


damage to the overlying retina remains un- 
known. Ham and associates" originally sug- 
gested that the site of injury in the rhesus 
monkey may be the melanin granules of the 
melanosomes of the retinal pigment epitheli- 
um. During the first 48 hours after light expo- 
sure, damage appeared confined to this layer, 
whereas overlying photoreceptor outer seg- 
ments remained intact. 

Working with the rat, however, Rapp and 
Williams® showed almost equal retinal sensitiv- 
ity to light damage in both pigmented and 
albino animals. Hoeppler and associates’ found 
essentially no difference when morphologic 
damage was compared in pigmented and albino 
rabbits, which led them to postulate that mela- 
nin may not be critically involved in light dam- 
age to the retina. 

We designed this study to assess light damage 
in retina that was detached from the retinal 
pigment epithelium. To maximize light dam- 
age, a relatively long exposure (30 minutes) of 
visible light was placed on a small area (2.0-mm 
diameter) of detached, avascular rabbit retina at 
body temperature. This resulted in severe his- 
tologic damage to the retina (Fig. 3), which was 
much more profound than the usual outer reti- 
nal degeneration expected in detached reti- 
na.’** Indeed, the damage was dramatic when 
compared to adjacent areas of detached retina 
not exposed to the fiberoptic light (Fig. 2). 

In the light-exposed detached retina, damage 
was most apparent in the outer retina with 
resulting destruction of photoreceptor inner 
and outer segments and their nuclei. The same 
pattern of damage was noted in light exposure 
to attached retina.*” In attached retina, the 
outer retina is extremely active, metabolically, 
and well oxygenated from the underlying cho- 
roid. Because of this, one proposed mechanism 
of light damage to the retina involves photooxi- 
dative and photodynamic reactions involving 
the retinal pigment epithelium with generation 
of destructive oxygen-derived free radicals.” 
Because we found a similar pattern of damage 
in the outer detached retina that was devoid of 
melanin and presumed to be ischemic, addi- 
tional undefined mechanisms or mediators may 
play a role. We also conclude from our experi- 
ments that light damage in detached retina may 
occur with light sources commonly used by 
clinicians, particularly during lengthy vitreo- 
retinal surgical procedures. 
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Correlation Between Intraocular Pressure Control and 


Progressive Glaucomatous Damage in Primary Open-Angle 


Glaucoma 





Lisa Kay Mao, M.D., William C. Stewart, M.D., and M. Bruce Shields, M.D. 


Fifty-five patients with primary open-angle 
glaucoma and early glaucomatous damage 
who had medical therapy and laser trabeculo- 
plasty were followed up for four to 11 years or 
until progressive glaucomatous damage was 
documented. Factors associated with the sta- 
bility or progression of glaucoma were evalu- 
ated. Eyes with mean intraocular pressure 
higher than 21 mm Hg during the follow-up 
period uniformly had progressive glaucoma- 
tous changes. Conversely, eyes with mean 
intraocular pressure less than 17 mm Hg re- 
mained stable, and approximately half of the 
eyes with mean intraocular pressure between 
17 and 21 mm Hg had progressive glaucoma- 
tous changes. Patients who remained stable 
were slightly younger than those with pro- 
gressive glaucomatous changes (P < .05), but 
initial optic nerve head appearance, initial 
visual field findings, number of medicines 
used, medical history, and patient gender or 
race were not statistically associated with sta- 
bility or progression of the glaucoma. These 
findings reinforce the importance of intraocu- 
lar pressure control in primary open-angle 
glaucoma and the need to identify other mark- 
ers that help determine the proper level of 
intraocular pressure for individual patients. 


Primary OPEN-ANGLE GLAUCOMA generally is 
managed by decreasing the intraocular pres- 
sure to a level that the physician believes will 
prevent further damage to the optic disk and 
loss of visual field. Previous studies suggest 
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that patients with glaucomatous damage re- 
quire an intraocular pressure within the normal 
range to prevent progression. Few specific crite- 
ria exist, however, to help the physician decide 
how low the intraocular pressure should be for 
each individual patient. 

We studied patients with primary open-angle 
glaucoma with relatively early glaucomatous 
damage whose intraocular pressures were con- 
trolled medically or with the addition of laser 
trabeculoplasty to a level that was believed 
would prevent progression. We wished to deter- 
mine what intraocular pressure level would 
actually prevent progression of the disease in 
these patients and what additional factors 
might help in determining adequate treatment. 


Patients and Methods 


We studied the records of patients with pri- 
mary open-angle glaucoma treated by the glau- 
coma service at the Duke University Eye Center 
between 1976 and 1987. Each patient was ex- 
amined by one of us (M.B.S.) at each outpatient 
visit. 

Patients included in this study had intraocu- 
lar pressure controlled only by medical therapy 
or with argon laser trabeculoplasty. All pa- 
tients had glaucomatous optic atrophy, where- 
as the visual field was either normal or showed 
sensitivity loss isolated to one hemifield. One 
eye was chosen randomly to be examined for 
this study. 

We excluded patients with congenital, 
closed-angle, or secondary glaucomas, and 
those who had previous intraocular proce- 
dures. Also excluded were patients with retinal 
or neurologic disease as well as those with 
reduced clarity of the ocular media that might 
have interfered with the optic nerve head or 
visual field examination. We also did not in- 
clude patients who were poorly compliant in 
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administering their medical therapy or in keep- 
ing outpatient appointments. 

Patients were followed up at four-month in- 
tervals or more frequently as needed. At each 
outpatient visit intraocular pressure was mea- 
sured with Goldmann applanation tonometry. 
Also, examination of the ocular adnexa, slit- 
lamp biomicroscopy, and an optic disk exami- 
nation were performed. Dilated optic disk and 
visual field examinations were completed year- 
ly or more frequently as needed. 

The optic disk was examined by stereoscopic 
techniques including both the Hruby lens and 
color photographs. At each examination the 
optic disk was described by the horizontal cup/ 
disk ratio and by location of any neural rim 
thinning (that is, notching or saucerization). 
Criteria for progression of the optic disk includ- 
ed an increase in the cup/disk ratio by 0.2 or 
greater or a localized loss of rim tissue that was 
consistently observed for at least three succes- 
sive examinations. 

The initial visual field was interpreted as 
either being nonglaucomatous (that is, normal 
or having only nonspecific changes) or glauco- 
matous. A glaucomatous field was classified 
further as having early arcuate nerve fiber layer 
changes (that is, paracentral or Seidel’s scoto- 
ma or nasal step) or late arcuate nerve fiber 
layer changes (that is, arcuate scotoma). The 
diagnoses of the inferior and superior hemi- 
fields were made separately. 

Criteria for progression of a normal visual 
field included the development of nerve fiber 
layer changes that were noted consistently for 
at least three successive examinations. Criteria 
for progression of a visual field with early nerve 
fiber layer changes included progression to an 
arcuate scotoma or development of a new nerve 
fiber layer defect in the opposite hemifield that 
was observed for at least three successive visual 
field examinations. The criterion for progres- 
sion of the visual field in patients with an 
arcuate scotoma was the eventual development 
in the opposite hemifield of a nerve fiber layer 
defect noted for at least three successive exami- 
nations. Visual field examinations were per- 
formed during the early years of the study on 
the Goldmann perimeter and later on the Octo- 
pus automated perimeter. A diagnosis of pro- 
gression of the disease was only made when 
comparing visual fields from either manual or 
automated perimetry. 

Data were recorded until a patient showed 
either glaucomatous progression in the optic 
nerve head or visual field, or if no progression 


was observed, for as long as the records were 
available. Patients were followed up for a mini- 
mum of four years unless they showed progres- 
sion before this time. 

The data were analyzed by dividing the pa- 
tients’ condition into a category of either stable 
disease or progressed disease. The average and 
peak intraocular pressures during the follow- 
up interval and the average age of patients 
when first examined were compared between 
the two groups by using the Student’s t-test. 
Differences between groups in the distribution 
of the initial cup/disk ratio and visual field 
defects, number of medicines used, medical 
history, race, and sex were assessed with the 
chi-square test. 





Results 





Of 55 patients with primary open-angle glau- 
coma, the disease remained stable in 27 pa- 
tients throughout the study and progressed in 
28 patients. All but one of the patients whose 
disease progressed had an increase in optic 
atrophy, and half of these patients also had 
visual field progression, whereas only one pa- 
tient had visual field progression without ap- 
parent disk change. 

In the group with stable disease, the mean 
age of the patients was 62.8 + 11.8 years 
(range, 32 to 82 years). There were nine men 
and 18 women. Twenty-four patients were 
white and three were black. The average num- 
ber of medicines used by the patients was 2.6. 

In the group with progressed disease, the 
mean age of the patients was 72.2 + 12.2 years 
(range, 37 to 90 years). There were ten men and 
18 women. Twenty-seven patients were white 
and one was black. The average number of 
medicines used by the patients was 2.6. 

Systemic medical disease in patients with 
progressed disease included cardiovascular dis- 
ease in seven patients, arthritis in three pa- 
tients, gout in one patient, and thyroid disease 
in one patient. In patients in whom the disease 
remained stable, cardiovascular disease, arthri- 
tis, depression, and diabetes mellitus each af- 
flicted one patient. The only significant differ- 
ence between these groups was that patients in 
whom the disease remained stable had a lower 
mean age than those in whom the disease 
progressed (P < .01). Both groups, however, 
had a similar range of patient ages. 

Of the 27 patients in whom the disease re- 
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mained stable, initial examination showed no 
visual field defects in 19 patients, an incom- 
plete arcuate scotoma in two patients, and an 
arcuate scotoma in six patients. The cup/disk 
ratios at the initial examination were 0.5 in 
three patients, 0.6 in one patient, 0.7 in 12 
patients, 0.8 in seven patients, 0.9 in three 
patients, and total cup in one patient. 

Of the 28 patients in whom the disease pro- 
gressed, initial examination showed no visual 
field defects in 18 patients, an incomplete arcu- 
ate scotoma in seven patients, and an arcuate 
scotoma in three patients. The cup/disk ratios 
at the initial examination were 0.6 in two pa- 
tients, 0.7 in 12 patients, 0.8 in ten patients, 
and 0.9 in four patients. No significant differ- 
ences existed between groups for either of these 
parameters (P > .05). 

In the group with stable disease, the mean 
intraocular pressure was 17.5 + 2.3 mm Hg 
with a peak of 22.8 + 6.5 mm Hg. There were no 
progressive optic nerve or visual field changes. 
The mean follow-up interval was 7.0 + 2.0 
years (range, 4.0 to 11.0 years). 

In the group with progressive disease, the 
mean intraocular pressure was 20.4 + 2.3 mm 
Hg with a peak of 27.2 + 5.4 mm Hg. There 
were 27 patients with progressive optic nerve 
changes and 15 patients with progressive visual 
field changes. The mean follow-up interval was 
3.8 + 2.2 years (range, 1.0 to 10.0 years). Eyes 
that remained stable had a statistically lower 
mean (P < .005) and peak (P < .01) intraocular 
pressure than those that progressed. The Figure 
shows the mean intraocular pressure and num- 
ber of patients in whom the disease progressed 
or remained stable during the follow-up period. 
In no patient did the disease remain stable with 
an average intraocular pressure of greater than 
21 mm Hg, and in no patient did the disease 
progress with a mean intraocular pressure of 
less than 17 mm Hg. Approximately half of the 
patients with intraocular pressure between 17 
and 21 mm Hg showed progression of the 
disease. Additionally, patients who had a peak 
intraocular pressure of less than 20 mm Hg did 
not show progression of the disease. No level of 
peak intraocular pressure, however, was noted 
above which the disease progressed uniformly. 


Discussion 


Controversy still exists over the proper treat- 
ment of primary open-angle glaucoma. In gen- 
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eral, therapy consists of using medical and then 
surgical therapy as needed to decrease the in- 
traocular pressure to a level that the physician 
believes will prevent progressive glaucomatous 
damage. Unfortunately, little data exist that 
help the physician determine the adequacy of 
treatment for primary open-angle glaucoma. 

Chandler’ and Shaffer* indicated that in pa- 
tients with advanced glaucomatous changes, 
intraocular pressure should be kept in a normal 
range to prevent progressive visual field dam- 
age. Kolker’ subsequently showed that in pa- 
tients with a visual field cut to within 5 degrees 
of fixation, only 4% of eyes that maintained an 
intraocular pressure of 18 mm Hg or less 
showed progression of disease. A study by 
Quigley and Maumenee’ reinforced the impor- 
tance of intraocular pressure reduction in pa- 
tients with visual field defects close to fixation, 
and other reports have implied that the disease 
in patients with advanced visual field loss and 
intraocular pressure of 15 mm Hg or less usual- 
ly remains stable.” 

Conversely, patients with limited glaucoma- 
tous damage possibly may tolerate a higher 
intraocular pressure than those with advanced 
disease.’* Data from one study suggested that 
the disease in patients with visual field loss 
isolated to either the superior or inferior hemi- 
field usually remained stable with intraocular 
pressure of 18 mm Hg or less.’ In patients with 
only optic disk damage and without visual field 
loss, intraocular pressure of 22 mm Hg or less 
may be adequate.’ Kass, Kolker, and Becker” 
studied patients with bilateral increase of intra- 
ocular pressure and unilateral field loss. When 
the initial intraocular pressure was higher than 
26 mm Hg in the eye without visual field loss, 
progressive glaucomatous damage occurred ten 
times more frequently than when it was less 
than that level. 

Although decreasing the intraocular pressure 
generally helps to prevent further glaucoma- 
tous damage, prescribing treatment to a prese- 
lected intraocular pressure does not always 
guard against progression.” Unfortunately, be- 
sides intraocular pressure, little information is 
available concerning other factors that help 
determine whether a disease is likely to prog- 
ress or remain stable. Wilson and associates" 
noted that apart from initial intraocular pres- 
sure, the disease in female patients and those 
with a family history of glaucoma and advanced 
glaucomatous visual field defects is more likely 
to progress. Spaeth’ and Spaeth and associ- 
ates” stated that an improvement in the appear- 
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ance of the optic nerve head or visual field 
examination upon therapeutic decreasing of 
intraocular pressure potentially may be useful 
in determining the sufficiency of glaucoma 
therapy. 

We wished to determine clinical markers that 
help show the adequacy of treatment for pa- 
tients with limited damage from primary open- 
angle glaucoma. We studied a group of patients 
with limited visual field changes because of 
past evidence that suggested patients with 
more advanced damage may have different re- 
quirements for intraocular pressure control.’ 
We used both changes in the optic nerve head 
and the visual field to determine progression or 
stability of the primary open-angle glaucoma. 
Previous studies have used only the visual field 
to determine progression of the disease. We 
studied the optic nerve head for signs of pro- 
gression since damage to the neural rim has 
been shown to be an important early diagnostic 
characteristic of glaucoma.'*” 

Our study showed that of the patients in 
whom the disease remained stable over the 
follow-up period, none had an average intraoc- 
ular pressure greater than 21 mm Hg. Con- 
versely, for those patients in whom the disease 
progressed, all had an average intraocular pres- 
sure of 17 mm Hg or greater and a peak intraoc- 
ular pressure of 20 mm Hg or higher. In pa- 
tients with an average intraocular pressure 
between 17 and 21 mm Hg, the disease re- 
mained stable in approximately one half of the 
patients over the follow-up period. Potentially 
with a longer follow-up interval the disease 


would have progressed in more of these pa- 
tients. 

Neither the initial cup/disk ratio, presence or 
type of visual field loss, number of medicines 
used, medical history, sex, or race of the patient 
helped to identify those in whom the disease 
would progress or remain stable. Patients in 
whom the disease did not progress, however, 
had a slightly younger age than those in whom 
the disease progressed. This is consistent with 
previous reports that indicated advanced age 
was a risk factor for glaucomatous damage.'"*" 
However, no age group was safe from glauco- 
matous progression. 

Our results differ from one study of patients 
with limited glaucomatous damage in that our 
patients required a slightly lower intraocular 
pressure to prevent glaucomatous progression.” 
This difference may have resulted because we 
used changes in the optic nerve head as a 
criterion for progression as well as the visual 
field. In our patients only approximately half of 
the eyes that showed glaucomatous optic disk 
progression also demonstrated worsening of 
the visual field. If the visual field examinations 
had been used alone as a measure of progres- 
sion, the level of intraocular pressure that 
would have indicated control may have been 
higher than shown in this study. 

Our study reinforces the importance of de- 
creasing the intraocular pressure and examin- 
ing the optic nerve head in patients with pri- 
mary open-angle glaucoma. We did not 
identify, however, other markers that help de- 
termine the proper level of medical or surgical 
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treatment to prevent progression. More study is 
required to gain the knowledge that will help 
determine a proper treatment regimen in pa- 
tients with primary open-angle glaucoma. Con- 
tinued evaluation of data from long-term fol- 
low-up of patients with primary open-angle 
glaucoma and the investigation of newer tech- 
niques in optic nerve head analysis and retinal 
sensory testing may help achieve this goal. 
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OPHTHALMIC MINIATURE 
While I waited for him to finish one of his stories, I took time to memorize 
his features. He belonged to the same blue-eyed stock of his wife, but his 
were flecked with green; they changed color or seemed to when they caught 
the sunlight pouring into the room from the back yard. 


Pat Conroy, The Prince of Tides 
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Increased Intraocular Pressure in Severely Burned Patients 





Lawrence S. Evans, M.D. 


Six eyes of three patients with severe body 
burns had intraocular pressure ranging from 
37.2 to 81.7 mm Hg. Because of extreme orbital 
congestion, lateral canthotomies were per- 
formed, which caused abrupt decrease in in- 
traocular pressure (range, 17.6 to 49.0 mm Hg). 
None of the patients had a history of glauco- 
ma, narrow angles, or any precondition for a 
pupillary block mechanism. Two patients sur- 
vived and neither had optic nerve damage or 
increased intraocular pressure after hospital 
discharge. Tonometry should be performed in 
patients with severe burns and orbital conges- 
tion, especially in those patients receiving 
large amounts of intravenous fluids. Lateral 
canthotomies may be of benefit to relieve po- 
tentially damaging high intraocular pressure. 


Eye. spurns are the most common ocular 
injuries seen in serious thermal burn accidents, 
which are most frequently house fires and flash 
fires of combustible vapors and gases. The 
globes tend to be spared, although minor corne- 
al abrasions are often seen. I treated three 
patients with severe burns who had high intra- 
ocular pressure. Lateral canthotomies lowered 
the intraocular pressure immediately, which 
implicated swollen periocular tissues pressing 
on the globes as the main reason for the intraoc- 
ular pressure increase. 


Case Reports 


Case 1 
A 59-year-old man was admitted to the burn 
unit of Loyola University Medical Center after 
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an explosion and flash fire in an industrial 
accident. The patient had second- and third- 
degree burns of the face, lower extremities, 
back, and forearms, totaling 55% of the body 
surface. The eyes had clear corneas, moderately 
chemotic conjunctivae, normal pupillary light 
reflexes, partial-thickness eyelid burns, and 
singed eyelashes. Between the time of admis- 
sion and the time of the follow-up examination 
(30 hours), the patient received 32.2 1 of intra- 
venous fluids, 80 ml of oral antacids, with 4.2 | 
of urine output, for a measured excess input 
over output of approximately 28 | of fluids. His 
body weight was 77.3 xg at admission and 93.0 
kg at the time of the follow-up examination, for 
a gain of 15.7 kg. This gain was less than that of 
the fluid excess, but this was expected because 
of the fluid loss through burned areas. At this 
time, the face was greatly swollen and the 
eyelids were tight. Schidtz tonometry measure- 
ments were taken without pressing on the 
globes and were found to be 37.2 mm Hg in 
each eye. The patient had no previous ocular 
problems, and there was no reason to suspect a 
bilateral pupillary block mechanism for the 
intraocular pressure increase. Permission was 
obtained from the patient’s family to perform 
lateral canthotomies. The lateral canthal areas 
were injected with 2% lidocaine with epineph- 
rine, and lateral canthotemies were performed. 
Intraocular pressure, measured immediately, 
was R.E.: 29.4 mm Hg and L.E.: 19.6 mm Hg. 
The patient had a lengthy convalescence and 
was fully ambulatory without visual com- 
plaints six months after the accident. Visual 
acuity was R.E.: 20/20 with refraction of +1.00 
+1.25 Xx 5 and L.E.: 20/20 with refraction of 
+1.00 +0.75 X 2. Results of slit-lamp examina- 
tion of the corneas, anterior chambers, irides, 
and conjunctivae were normal. No canthotomy 
scars were discernible. The eyelid burns were 
healed entirely and the eyelashes had regrown 
without misdirection. Intraocular pressure was 
R.E.: 13 mm Hg and L.E.: 17 mm Hg by appla- 
nation tonometry. Results of Goldmann visual 
field testing were full to I and Le. Results of 
examination of the optic nerves and the remain- 
der of the fundus examination were normal. 
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Case 2 

A 72-year-old man received burns over 30% 
of his body surface and inhalational injuries in 
a house fire. The patient had partial-thickness 
burns of the forearms, left upper arm and 
shoulder, the anterior surface of the entire left 
leg, and of the back of the head. He had a 
full-thickness burn of the face. The family stat- 
ed that he had diabetes mellitus and hyperten- 
sion but no previous ocular problems. The pa- 
tient was comatose and pharmacologically 
paralyzed for mechanical respiratory ventila- 
tion when examined three hours after admis- 
sion for ophthalmic assessment. Both corneas 
were cloudy, and a central epithelial defect was 
noted on the right eye. The left conjunctiva was 
chemotic. Pupils were 1.5 mm in size and unre- 
active in both eyes. When re-examined 20 hours 
later, the eyelids were swollen and tight. Intra- 
ocular pressure was R.E.: 74.0 mm Hg and L.E.: 
72.0 mm Hg. Lateral canthotomies were per- 
formed. Intraocular pressure, measured imme- 
diately, was R.E.: 35.0 mm Hg and L.E.: 30.0 
mm Hg. By the time the canthotomies were 
performed, the patient received 23 | of intrave- 
nous fluids and had a urine output of 21 fora 
measured fluid gain of 21 1 in 23 hours. The 
patient’s condition deteriorated, and he died 
six days later. 


Case 3 

A 27-year-old man received high-voltage 
electric burns in a highway construction acci- 
dent. Ocular examination in the emergency 
room showed a central epithelial defect on the 
right cornea and a total epithelial defect on the 
left cornea. Both corneas were hazy, and mod- 
erate chemosis was noted in both eyes. The 
pupils were not dilated at the request of the 
admitting service. Upon admission the patient 
was taken to the operating room for fascioto- 
mies on all extremities. At this time, approxi- 
mately four hours after admission, intraocular 
pressure, measured by Schidtz tonometry, was 
R.E.: 81.7 mm Hg and L.E.: 50.2 mm Hg. Lateral 
canthotomies were performed, and intraocular 
pressure, measured immediately afterward, 
was R.E.: 32.2 mm Hg and L.E.: 24.4 mm Hg. 
When the canthotomies were performed, the 
patient received approximately 7.6 l of intrave- 
nous fluids and had a urine output of 1.91, fora 
measured gain of 5.7 1. The severity of the 
injury necessitated amputation of both arms, 
total skin grafting to the face, and several re- 
constructive procedures of the eyelids, with 
further surgical procedures foreseen. Five 
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months after the injury, intraocular pressure 
was 16.0 mm Hg in each eye. The patient 
developed bilateral cataracts with best-correct- 
ed visual acuity of 20/60 in each eye. The optic 
nerves appeared to have a normal myopic con- 
figuration, corresponding to the patient's re- 
fractive error. Seventeen months after the inju- 
ry when the eyelids had healed sufficiently, the 
left cataract was removed and a posterior cham- 
ber intraocular lens was implanted, which re- 
sulted in 20/20 visual acuity. 


Discussion 


The administration of large quantities of in- 
travenous fluids to maintain blood pressure is 
the key therapeutic measure in treatment of the 
severely burned patient, and this contributes to 
the orbital congestion. In the patient in Case 3, 
for example, 31 l of fluids was given within 24 
hours of the injury. Continuous cardiovascular 
monitoring, including the use of intracardiac 
catheters, is necessary to provide close pharma- 
cologic support. All three patients had massive 
periorbital swelling, and because each eye 
showed a marked decrease in intraocular pres- 
sure when lateral canthotomy was performed, it 
is evident that orbital pressure transmitted to 
the eye was the primary mechanism for the high 
intraocular pressure. That none of the eyes had 
normal intraocular pressure after canthotomy 
may be attributed, at least in part, to incom- 
pleteness of the canthotomies and residual high 
orbital pressure. Two patients received large 
amounts of intravenous fluids, and the third 
patient received a moderate amount. Therefore, 
fluid loading does not appear to be the sole 
reason for the high orbital pressure. Another 
plausible mechanism to consider for the intra- 
ocular pressure increase is pupillary block 
caused by orbital pressure on the globe, dis- 
placing the lens anteriorly. Electric burns, such 
as those seen in the patient in Case 3, are also 
thermal burns because body resistance to elec- 
tric current converts electric energy into heat.’ 
Small controlled electric currents, however, 
such as those used for electroshock therapy’ 
and cardioversion,’ have been reported to cause 
increased intraocular pressure. 

A general feature of severe burn injury is the 
shift of water from the intravascular space to 
the extravascular space, particularly to the peri- 
ocular extravascular space, which can cause 
swelling and tightness of the eyelids. Water is 
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also lost through burned body surfaces. These 
processes may lead to dangerous hypotension 
and hemoconcentration. Administration of 
large volumes of sodium-containing intrave- 
nous fluids is necessary to maintain hemody- 
namics and to correct electrolyte imbalances.’ 
Several factors contribute to the extracellular 
edema, including the following: increased cap- 
illary endothelial leakage, which permits water 
and plasma proteins to enter the extracellular 
space; reduction in capillary colloid osmotic 
pressure from decreased plasma protein con- 
centration; increased capillary hydrostatic 
pressure from vasoconstriction or capillary 
blockage by platelets or cells; and impaired 
lymphatic drainage from duct blockage by 
platelets, cells, or both.’ Severe derangements 
of fluid and electrolyte imbalance usually oc- 
cur, generally caused by systemic impairment 
of the cellular sodium-potassium pump.' Endo- 
crine responses to burn injury include high 
levels of antidiuretic hormone and aldosterone, 
which promote fluid retention, possibly poten- 
tiating orbital congestion.’ 

Typically the severely burned patient does 
not develop periorbital edema until a few hours 
after the injury. Immediate examination facili- 
tates evaluation of any ocular injuries. This 
examination may precede an intraocular pres- 
Sure increase, so it is important to perform 
tonometry after periorbital edema ensues. Peri- 
orbital edema may occur even when the face is 
spared from a direct burn. On arrival at the 
hospital, many severely burned patients are 
able to cooperate for ocular examination, possi- 
bly to relate previous ocular problems and to 
permit measurement of visual acuity with a 
near-vision test card. Severely burned patients 
are usually pharmacologically paralyzed and 
given mechanical pulmonary ventilation with 
endotracheal intubation shortly after arrival, 
which limits cooperation for examination, even 
though they may be fully conscious and aware. 
The eyelids and conjunctival sacs should be 
irrigated to remove particulate material. Singed 
eyelashes may be removed with a moist sponge 
to prevent them from entering and irritating the 
eyes. Eyelid retraction is necessary for exami- 
nation if periorbital edema has already 
developed. After the cornea is examined, to- 
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nometry is performed with retraction relaxed to 
permit a more accurate reading. Topical anes- 
thesia should be used because the patient may 
have full sensation even though unable to com- 
municate. If high intraocular pressure is found 
with severe periocular edema and canthotomy 
is to be performed, local anesthesia should be 
injected through unburned skin if possible. An 
ophthalmic antibiotic ointment should be ap- 
plied to the globes and canthotomy sites. Silver 
sulfadiazine is commonly used to treat burned 
skin when there is no known allergy to sulfona- 
mides. Sulfacetamide 10% ophthalmic oint- 
ment may also be used without increased risk of 
allergic reaction. Aminoglycoside antibiotics 
should be avoided to lessen the chance of emer- 
gence of resistant strains of bacteria. 

Fuchs’ reported that acute transitory glauco- 
ma can occur with thermal burns, but this refers 
to direct burns of the eye and adnexa. In 11 
previously described patients with blindness 
after major burns with variable degrees of re- 
covery in four patients, Resch and Sullivan’ 
remarked that in five of the six adult patients 
the optic nerves were either pale or edematous. 
They did not mention increased intraocular 
pressure as a possible factor. All patients had 
other significant ophthalmic and neurologic 
signs. Salz and Donin’ and Walsh and Hoyt’ 
have also described similar patients. 
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The Effect of Perkins, Tono-Pen, and Schidtz Tonometry on 


Intraocular Pressure 


Marc M. Whitacre, M.D., Mark Emig, M.D., and Khatab Hassanein, Ph.D. 


We studied the intraocular pressure changes 
produced in five eye bank eyes by Perkins, 
Tono-Pen, and Schiötz tonometry performed 
by experienced and inexperienced personnel. 
When all users were considered together, Per- 
kins tonometry produced a mean intraocular 
pressure increase of 0.7 mm Hg, significantly 
less than the mean increase of 12.1 mm Hg 
produced by Tono-Pen tonometry (P < .05) or 
the mean increase of 16.5 mm Hg produced by 
Schiétz tonometry (P < .01). There was no 
statistically significant difference between the 
intraocular pressure increase produced by 
Tono-Pen or Schiétz tonometry. Tonometry 
performed by inexperienced Tono-Pen users 
and experienced or inexperienced Schiötz 
users produced a significantly greater increase 
in intraocular pressure than that performed 
by experienced Tono-Pen users (P < .05), and 
an extremely significant increase compared to 
tonometry performed by experienced or inex- 
perienced Perkins users (P < .01). The marked 
increase in intraocular pressure produced by 
Tono-Pen tonometry suggests that hand-held 
electronic applanation tonometers should be 
used with caution in eyes with a weakened 
cornea or sclera. 


Å SSESSMENT OF INTRAOCULAR PRESSURE in eyes 
after surgery, blunt or penetrating injuries, or 
the onset of a medical condition that weakens 
the cornea or sclera is desirable. When irregular 
corneal astigmatism, corneal edema, or corneal 
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scarring are present the small applanating area 
of the Mackay-Marg tonometer!” or Tono-Pen*” 
may provide more accurate intraocular pressure 
readings than Goldmann or Perkins applana- 
tion tonometry. In recent years the Tono-Pen 
has been used increasingly to assess intraocular 
pressure in eyes after penetrating keratoplasty, 
repaired corneal lacerations, or other ocular 
conditions associated with irregular astigma- 
tism, including peripheral corneal degenera- 
tions. The use of the Tono-Pen in gas-contain- 
ing eyes after pars plana vitrectomy has also 
been suggested.’ The intraocular pressure 
changes caused by Schidtz tonometry”' and 
Goldmann applanation tonometry’ have 
been measured or calculated. The increase 
caused by Mackay-Marg or Tono-Pen electronic 
applanation tonometers has never been mea- 
sured or calculated. We investigated the intra- 
ocular pressure changes caused by the use of 
the Perkins, Tono-Pen, and Schidtz tonometers 
in eye bank eyes. 


Material and Methods 


Eye bank eyes were selected from donors not 
believed to have any ocular diseases. The eyes 
were used within 24 hours of death of the 
donor, and all had intact corneal epithelium 
and clear corneal stroma. Only one eye per 
donor was used. The eyes were placed in a small 
metal cup lined with wet cotton, and a 21-gauge 
needle was inserted through the corneoscleral 
limbus. A short length of tubing connected the 
needle to one arm of a three-way stopcock. A 
transducer was connected to the needle by one 
arm of the three-way stopcock. The transducer 
output was amplified by an amplifier, which 
was in turn connected to a storage oscilloscope. 
A bag of normal saline attached to a manometer 
was connected to the third arm of the stopcock. 
All air bubbles present within the tubing and 
stopcocks were purged. The stopcock was 
closed so that the eye was removed from the 
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circuit, and the calibration of the pressure 
transducer was verified by varying the height of 
the bag of saline and comparing the transducer 
reading to the manometer. The rigidity of the 
measurement system (with the eye removed 
from the circuit) was measured and found to be 
1 pl-'. The dynamic response time of the system 
to changing pressure was measured by reduc- 
ing the pressure on the transducer to zero, then 
abruptly opening the stopcock to increase the 
pressure on the transducer to 40 mm Hg. Exam- 
ination of the triggered sweep of the storage 
oscilloscope showed that complete equilibra- 
tion from a pressure of 0 mm Hg toa pressure of 
40 mm Hg occurred within 50 milliseconds. 

Each eye was subjected to an identical experi- 
mental procedure. Once connected to the appa- 
ratus, the intraocular pressure in the eye was 
increased to 16 mm Hg, and the limbal needle 
insertion site was checked for leaks. No leaks 
that caused a detectable disturbance in the 
intraocular pressure within 15 seconds were 
found. The eye was left undisturbed, and the 
stopcock to the eye closed, which isolated it 
from the bag of saline and the manometer. The 
recording oscilloscope was triggered, and a 
photograph was taken of this control procedure 
(Fig. 1). The tonometry procedures were then 
performed. Before each procedure the stopcock 
was reopened to restore the intraocular pres- 
sure to precisely 16 mm Hg. The cornea was 
moistened with saline, and the stopcock 
was then closed. The recording oscilloscope 
was triggered, and tonometry was performed 
on the eye by either a staff ophthalmologist or 
an ophthalmology resident. A photograph of 
the oscilloscope display was taken. This proce- 
dure was repeated three times with each to- 
nometry instrument by both experienced and 
then inexperienced users. 

The tonometric procedures were always per- 
formed in the same order. Perkins applanation 
tonometry was done first by an experienced and 
then by an inexperienced staff ophthalmologist 
or ophthalmology resident. This was followed 
by Tono-Pen tonometry, done by an experi- 
enced and then by an inexperienced ophthal- 
mologist or ophthalmology resident, followed 
by Schidtz tonometry done in the same fashion. 
Personnel were deemed experienced if they 
were knowledgeable in the operation of the 
tonometer and had used the tonometer more 
than 50 times in a clinical setting. Personnel 
were deemed inexperienced if they were famil- 
iar with the operation of the tonometer and had 
used the device more than ten but less than 50 





Fig. 1 (Whitacre, Emig, and Hassanein). The intra- 
ocular pressure change produced by a control proce- 
dure. The top line is the intraocular pressure record- 
ed by the transducer, unchanging at 16 mm Hg. The 
bottom line is the reference line indicating 0 mm Hg. 
The tracing records a ten-second interval. 


times in a clinical setting. None of the person- 
nel recruited by the experimenters knew the 
purpose of the study. Before performing tonom- 
etry, the users were told to make themselves 
comfortable and support their hand or hands to 
make the tonometer steady. All were told to use 
their usual tonometric method. None were told 
what intraocular pressure was present within 
the eye to be tested. Users of the Perkins tonom- 
eter were told to set the Perkins tonometer to a 
pressure slightly above 0 mm Hg, so the ap- 
planating prism was extended before attempt- 
ing tonometry. Schidtz tonometry was per- 
formed with the 5.5-g weight. When Perkins 
and Schiétz tonometry were performed, a sin- 
gle measurement was recorded per sweep of the 
storage oscilloscope (ten seconds). When Tono- 
Pen tonometry was performed, tonometry was 
not stopped until four satisfactory measure- 
ments were obtained (as indicated by the audi- 
ble beep) or the attempt at tonometry required 
more than ten seconds, at which time the user 
was instructed to halt. Because the Tono-Pen 
can take two readings from each contact with 
the eye, a minimum of two contacts with the eye 
were necessary to obtain four satisfactory 
measurements. Personnel were rotated be- 
tween tonometry devices and eyes so that none 
of the recruited personnel did more than one 
tonometry procedure to a single eye or more 
than two of the same procedure in the entire 
study. 

After completion of the tonometric proce- 
dures, the needle insertion site was rechecked 
for leaks. If any leaks were found, the intraocu- 
lar pressure was reduced to 0 mm Hg, the 
limbal area gently dried, and the leak sealed 
with cyanoacrylate glue. The intraocular pres- 
sure of each eye was then adjusted to 10 mm 
Hg, and the coefficient of ocular rigidity of each 
eye was studied by successively injecting 0.01- 
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ml aliquots of saline into the eye until an 
intraocular pressure of approximately 40 mm 
Hg was reached. The coefficient of rigidity was 
then calculated for each intraocular pressure 
change produced by the 0.01-ml injections and 
averaged to yield an average coefficient of rigid- 
ity for that eye. The coefficient of rigidity of the 
experimental eyes varied from between 0.012 
pl“ to 0.015 pl, a range within normal lim- 
its, 2°14 


Results 


Perkins applanation tonometry produced a 
mean increase of 0.7 mm Hg in the intraocular 
pressure (Fig. 2). Tonometry performed by ex- 
perienced users produced a mean pressure in- 
crease of 0.9 mm Hg (range, 0.3 to 3.2 mm Hg; 
S.D., 0.5 mm Hg), and tonometry performed by 
inexperienced users produced a mean pressure 
increase of 0.4 mm Hg (range, 0.0 to 0.8 mm 
Hg; S.D., 0.2 mm Hg). 

Tono-Pen tonometry produced a mean in- 
crease of 12.1 mm Hg in the intraocular pres- 
sure each time the Tono-Pen contacted the eye. 
Tonometry performed by experienced person- 
nel produced a mean pressure increase of 6.7 
mm Hg (range, 0.2 to 26.9 mm Hg; S.D., 4.8 mm 
Hg) each time the tonometer contacted the eye. 
A mean of 5.4 contacts between the Tono-Pen 
and the eye were necessary before a final mea- 
surement was obtained (Fig. 3). Tonometry per- 
formed by inexperienced personnel produced a 
mean pressure increase of 17.5 mm Hg (range, 
0.5 to 52.6 mm Hg; S.D., 16.7 mm Hg). A mean 





Fig. 2 (Whitacre, Emig, and Hassanein). A typical 
tracing of the intraocular pressure change produced 
by Perkins applanation tonometry by experienced or 
inexperienced users. The top line is the intraocular 
pressure recorded by the transducer. The bottom line 
is the reference line indicating 0 mm Hg. The tracing 
records a ten-second interval. The pressure increase 
of 0.42 mm Hg produced by the tonometer is most 
apparent just as the tonometer is removed from the 
eye (arrow). 


of 9.5 contacts were necessary before a final 
measurement was obtained (Figs. 4 and 5). 

Schidtz tonometry produced a mean increase 
of 16.5 mm Hg in the intraocular pressure (Fig. 
6). Tonometry performed by experienced users 
produced a mean pressure increase of 15.9 mm 
Hg (range, 12.1 to 21.5 mm Hg; S.D., 2.4 mm 
Hg), and tonometry performed by inexperi- 
enced users produced a mean pressure increase 
of 17.0 mm Hg (range, 14.1 to 20.3 mm Hg; 
S.D., 1.6 mm Hg). 

An analysis of variance for repeated measure- 
ments was used to analyze the data. A signifi- 
cant difference (P = .0052) was found between 
the mean intraocular pressure increases caused 
by Perkins, Tono-Pen, and Schiétz tonometry. 
Duncan's multiple comparison test was used to 
locate the statistical difference between the 
means of the intraocular pressure increases 
produced by the different tonometry methods 
when experienced and inexperienced users 
were considered together and when experi- 
enced and inexperienced users were considered 
separately. When all users were considered 
together, Perkins tonometry produced a signifi- 
cantly smaller increase in the intraocular pres- 
sure than Tono-Pen tonometry (P < .05) or 
Schidtz tonometry (P < .01). There was no 
statistically significant difference between the 
intraocular pressure increase produced by ap- 
plication of Tono-Pen or Schidtz tonometers. 
When experienced and inexperienced users 
were considered separately, there was no statis- 
tically significant difference in the intraocular 
pressure increase produced by tonometry per- 
formed by experienced or inexperienced Per- 
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Fig. 3 (Whitacre, Emig, and Hassanein). A typical 
tracing of the intraocular pressure change produced 
by Tono-Pen applanation tonometry by an experi- 
enced user. The top line is the intraocular pressure 
recorded by the transducer. The bottom line is the 
reference line indicating 0 mm Hg. The tracing re- 
cords a ten-second interval. The tonometer was ap- 
plied to the eye three times, producing a maximum 
intraocular pressure increase of 5.6 mm Hg, a mini- 
mum intraocular pressure increase of 1.0 mm Hg, 
and a mean intraocular pressure increase of 2.9 mm 
Hg per application. 
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Fig. 4 (Whitacre, Emig, and Hassanein). An exam- 
ple of the intraocular pressure change produced by 
Tono-Pen applanation tonometry by an inexperi- 
enced user. The top line is the intraocular pressure 
recorded by the transducer. The bottom line is the 
reference line indicating 0 mm Hg. The tracing re- 
cords a ten-second interval. The tonometer was ap- 
plied to the eye 13 times, producing a maximum 
intraocular pressure increase of 12.0 mm Hg, a mini- 
mum intraocular pressure increase of 0.67 mm Hg, 
and a mean intraocular pressure increase of 5.7 mm 
Hg per application. 


kins users or experienced Tono-Pen users. To- 
nometry performed by inexperienced Tono-Pen 
users produced a significant increase in the 
intraocular pressure compared to tonometry 
performed by experienced users (P < .01). 
There was no statistically significant difference 
in the number of Tono-Pen applications re- 
quired for experienced or inexperienced users 
to obtain a full series of measurements. There 
was no statistically significant difference 
between the intraocular pressure increase 
produced by tonometry performed by inex- 
perienced Tono-Pen or experienced or inexperi- 
enced Schi6dtz users. 


Discussion 


The reasons for the difference in the intraocu- 
lar pressure increases produced by the different 
instruments seem clear. In Perkins tonometry 
the only force against the eye is exerted by the 
prism of the instrument,” unless the user push- 
es the instrument against the eye far enough to 
cause the prism to reach the far end of its travel, 
so the body of the tonometer and the prism are 
no longer isolated from each other. The applan- 
ating prism exerts 1 g of force against the 
cornea for every 10 mm Hg of indicated pres- 
sure on the Perkins tonometer when the zone of 
applanation has a diameter of 3.06 mm. Unless 
an eye has an abnormally high coefficient of 
ocular rigidity or an unusually steep cornea, the 
application of this force has been calculated to 


Fig. 5 (Whitacre, Emig, and Hassanein). An exam- 
ple of the intraocular pressure change produced by 
Tono-Pen applanation tonometry by an inexperi- 
enced user. The top line is the intraocular pressure 
recorded by the transducer. The bottom line is the 
reference line indicating 0 mm Hg. The tracing re- 
cords a ten-second interval. The tonometer was ap- 
plied to the eye five times, producing a maximum 
intraocular pressure increase of 52.6 mm Hg, a mini- 
mum intraocular pressure increase of 39.5 mm Hg, 
and a mean intraocular pressure increase of 47.1 mm 
Hg per application. 


produce an increase in intraocular pressure of 
less than 1.0 mm Hg if the initial intraocular 
pressure was 16 mm Hg.’ In our study tonom- 
etry performed by inexperienced and experi- 
enced users produced only a small increase in 
intraocular pressure because the spring-loaded 
prism of the Perkins applanation tonometer has 
a considerable range of motion. The constant 
force of the spring throughout this range of 
motion produces only minimal changes in the 
intraocular pressure as the user moves the in- 
strument toward or away from the eye. This 
greatly moderated the effect of user motion on 
the intraocular pressure and kept the standard 
deviation of the intraocular pressure increase 
produced by tonometry performed by experi- 
enced or inexperienced users small. We believe 
that tonometry performed by the inexperienced 
Perkins users in our study produced a smaller 
mean increase in the intraocular pressure than 
tonometry performed by experienced users be- 
cause inexperienced users did not adjust the 
tonometer to position the fluorescein rings 
properly. This may be because the comparative- 
ly dim illumination of the prism of the Perkins 
tonometer makes the inner aspect of the fluo- 
rescein ring difficult to appreciate. 

Schidtz tonometry substantially increases the 
intraocular pressure because almost the full 
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Fig. 6 (Whitacre, Emig, and Hassanein). A typical 
tracing of the intraocular pressure change produced 
by Schidtz tonometry by experienced and inexperi- 
enced users. The top line is the intraocular pressure 
recorded by the transducer. The bottom line is the 
reference line indicating 0 mm Hg. The tracing re- 
cords a ten-second interval. An intraocular pressure 
increase of 17.8 mm Hg is recorded. 


weight of the instrument rests on the eye. 
Moses and Becker* predicted an increase in the 
intraocular pressure of 14 mm Hg when a 
Schidtz tonometer with a 5.5-g weight was 
applied to eyes of average scleral rigidity and 
an initial intraocular pressure of 16 mm Hg. 
Friedenwald” estimated an increase of 14.07 
mm Hg, and McBain” measured an increase of 
14.43 mm Hg in the intraocular pressure under 
similar conditions. Our measurements disclose 
slightly higher values than these reports, prob- 
ably because eye bank eyes do not duplicate 
precisely the intraocular pressure changes a 
living eye would undergo in response to inden- 
tation. The relatively small standard deviation 
of the intraocular pressure increase produced 
by the Schiötz tonometer in this study reflects 
the consistency with which the instrument is 
applied to the eye by both inexperienced and 
experienced users. 

Hessemer, Rossler, and Jacobi” found in their 
open manometer study of cadaver eyes that 
corneal indentation interfered with Tono-Pen 
pressure measurements when the manometric 
pressure was below 5 mm Hg. Moses, Marg, 
and Oechsli’ found it necessary to do open 
manometer measurements to verify the accura- 
cy of the Mackay-Marg tonometer, which im- 
plies that significant ocular volume changes 
were produced by the application of both these 
hand-held electronic applanation tonometers. 

In our study there were large variations in the 
amplitude of the intraocular pressure increases 
produced by Tono-Pen contact with the eye. 
This occurred for tonometry performed by both 
experienced and inexperienced users and pro- 
duced standard deviations of 4.8 and 16.7 mm 
Hg, respectively, significantly higher than the 
standard deviations of the Schidtz users. Addi- 
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tionally, there was a difference in the mean 
number of times the Tono-Pen contacted the 
eye between the experienced and inexperienced 
group, although this difference was not statisti- 
cally significant. 

We believe the highly variable and at times 
marked increases in intraocular pressure pro- 
duced by Tono-Pen tonometry occur because 
contact of the eye by this hand-held instrument 
is not moderated by a spring or other mechani- 
cal device. Inexperienced users tend to indent 
the cornea more than experienced users, occa- 
sionally producing substantial increases in in- 
traocular pressure that exceed those produced 
by Schidtz tonometry and greatly exceed those 
produced by applanation tonometry. It was not 
understood by many of our users, especially the 
inexperienced ones, that only light and brief 
contact with the eye was required to obtain an 
intraocular pressure reading (Tono-Pen 2 To- 
nometer Instruction Manual, Oculab, Glen- 
dale, California). Even the most experienced 
users, some of whom had previously used the 
Tono-Pen hundreds of times in eye bank eye 
studies, could not avoid producing marked in- 
creases in intraocular pressure some of the 
time. Because the Tono-Pen can take two read- 
ings from each contact with the eye, a minimum 
of two contacts with the eye is necessary to 
obtain four satisfactory measurements (and 
produce the beep). There is a correct technique 
to touching the Tono-Pen to the cornea that 
enabled our experienced users to obtain a series 
of readings with fewer contacts with the eye 
than the inexperienced group. Inexperienced 
users needed to contact the eye more times to 
obtain a reading, which increases the opportun- 
ities for producing a marked intraocular pres- 
sure increase. 

Because of a similar method of operation and 
use, we believe that similar increases in intraoc- 
ular pressure would be produced by the 
Mackay-Marg tonometer. We had a Mackay- 
Marg tonometer available for use but did not 
include it in this study because of the absence 
of personnel experienced in its use. 

We conclude that most eyes weakened by 
surgery or disease seem to tolerate the intraoc- 
ular pressure increases sometimes produced by 
this method of tonometry. Our data suggest 
that hand-held electronic applanation tonome- 
ters should be used with circumspection in eyes 
in which cornea or sclera is weakened marked- 
ly. In these eyes it would seem prudent to 
attempt conventional Goldmann or Perkins ap- 
planation tonometry first. If applied to the eye, 


64 AMERICAN JOURNAL OF OPHTHALMOLOGY 


January, 1991 


Le 


the Tono-Pen should be touched gently to the 
ocular surface. It is probably not necessary to 
complete a series of four Tono-Pen measure- 
ments to estimate the intraocular pressure to a 
clinically relevant degree of accuracy in the 
posttrauma or postoperative setting. A single 
measurement (producing a click) may be all 
that is needed or warranted. If several contacts 
with the eye do not yield an audible click 
indicating a satisfactory pressure measure- 
ment, or if a complete series of measurements 
requires numerous contacts with the eye, the 
user should consider whether or not the proper 
technique is being used, and whether or not the 
knowledge of the intraocular pressure warrants 
the risk of repeated intraocular pressure in- 
creases. 
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A New Method for Documenting Lens Opacities 


I. Adamsons, M.D., K. I. Taylor, C. Enger, M.S., 
H. R. Taylor, M.D. 


We tested an anterior segment camera and 
digital analyzer on 32 eyes of 22 patients to 
determine whether its measurement of lens 
opacities correlated with measurements ob- 
tained by a standardized clinical grading sys- 
tem. The lenses were graded clinically for 
nuclear opacity, nuclear color, cortical opaci- 
ty, and posterior subcapsular opacity. The 
lenses were then photographed and analyzed 
with this new device, and the results were 
compared. The camera system showed good 
reproducibility. Its results correlated well 
with the clinical gradings for nuclear opacity 
(P = .001) and cortical opacity (P = .001) but 
less well with posterior subcapsular opacity 
(P = .3), although there were only seven eyes 
with posterior subcapsular opacities. This 
camera system could help document and fol- 
low up lens opacity with more accuracy and 
reproducibility than has been previously pos- 
sible. 


Cataracts have proven to be a difficult entity 
for clinical study, in part because of the difficul- 
ty in devising an accurate and reproducible 
grading system.’ Grading systems based on vis- 
ual acuity~* fail to detect early lens changes and 
are confounded by the concurrent presence of 
other ocular abnormalities that may be difficult 
to detect, particularly if lens opacities are ad- 
vanced.” Grading systems based on clinical im- 
pressions"! often have large interobserver and 
intraobserver variability, which increases as 
the systems move from crude categorization of 
lens opacities (for example, mature vs imma- 
ture) to more sophisticated categorization.’ 
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Grading systems based on the visualization of a 
target projected onto the retina will not evalu- 
ate opacities outside of the visual axis." Grad- 
ing systems based on photodocumentation™' 
of the lens may reduce variability,”*'" allow 
multiple independent and objective assess- 
ments, and may better detect early lens opaci- 
ties. 

An anterior segment and lens camera system 
has recently been developed in which retroillu- 
mination and slit-lamp (Scheimpflug) photo- 
graphs of the lens are taken and digitized. 
These digitized photographs are available for 
on-line computer analysis with accessible soft- 
ware. The potential advantages of this system 
include the standardized method of operation 
and the ability to detect early lens opacities. We 
compared this camera system with a clinical 
system of cataract grading based on photodocu- 
mentation, which has proven to be sensitive 
and reliable.’ 


Patients and Methods 


Subjects were selected from patients exam- 
ined in a general ophthalmology practice dur- 
ing a two-week period. Twenty patients with 
lens opacities and two patients with clear lens- 
es were entered into the study. Each lens was 
evaluated through a pharmacologically dilated 
pupil by a single observer. Based on our stand- 
ardized method, the lens was graded for the 
amount of nuclear opacity, cortical opacity, and 
posterior subcapsular opacity.'”"*” Briefly, nu- 
clear opacities and nuclear color were graded 
by comparison to a set of standard slit-lamp 
photographs. Cortical opacities were graded in 
terms of the fraction of the lens circumference 
occupied as seen on retroillumination. Posteri- 
or subcapsular opacities were evaluated in ret- 
roillumination by measuring and recording 
their greatest vertical and horizontal dimen- 
sions with the calibration of the slit-beam 
height. 

The second generation anterior segment cam- 
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era incorporated a retroillumination camera 
and a slit-lamp camera based on the Scheimp- 
flug principle. The camera was on-line with a 
black and white charge-coupled device digitiz- 
ing camera and computer monitor. The proce- 
dure for taking photographs was automated 
and required little input from the operator 
other than aligning the camera. The digitized 
photographs were displayed on the on-line 
computer monitor and were stored for analysis. 
Densitometry and biometry were performed by 
on-line computer analysis, operator driven 
with a customized program. 

Each patient’s lens was graded clinically 
through a dilated pupil, then photographed 
with the anterior segment camera system. An 
independent observer, who was masked to the 
clinical grading of the lens, evaluated the pho- 
tographs by following the operator-driven pro- 
tocol of the system. The slit-lamp photograph 
was used to identify and measure, in units 
called points, both the peak nuclear density 
and the total nuclear density. The total nuclear 
density was later divided by the total nuclear 
area, measured in pixels, to obtain the average 
nuclear density. The retroilluminated photo- 
graph was used to determine the opaque area of 
the lens, which was measured in percentages. 

The criteria used were the following: signifi- 
cant nuclear opacities were those graded clini- 
cally as 2.0 or greater; significant cortical opaci- 
ties were those graded clinically as greater than 
Ye of lens circumference; significantly in- 
creased peak and average nuclear density were 
values greater than 70 and 55 points, respec- 
tively; and significant opaque areas were values 
greater than 10%. Eyes with posterior subcap- 
sular opacities were excluded from the analysis 
of the opaque area because the current comput- 
er software could not distinguish cortical from 
posterior subcapsular opacities. 

The reproducibility of the measurements was 
also evaluated. Two eyes were photographed 
and measured twice, one week apart, to assess 
the reproducibility of replicate photographs. 
Additionally, these eight photographs, four 
slit-lamp and four retroillumination, were each 
evaluated ten times by another grader to deter- 
mine the reproducibility of the computer analy- 
sis of a single photograph. The measurements 
obtained by the two graders were examined for 
intraobserver and interobserver variability. 

Statistical data analysis was performed using 
SAS for personal computers (SAS Institute, 
Inc., Cary, North Carolina). Correlations were 
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determined by linear regression techniques. 
Multiple regression was done to take into ac- 
count the potential effect of other variables. 
Nuclear color was evaluated by the Kruskal- 
Wallis test, a nonparametric analysis of vari- 
ance. 


Results 


Of 22 patients, 32 eyes were evaluated clini- 
cally, photographed, and analyzed by the com- 
puter system. Twenty patients (28 eyes) had 
nuclear opacities; ten patients (13 eyes) had 
cortical opacities; and five patients (seven eyes) 
had posterior subcapsular opacities. Two pa- 
tients (four eyes) had clear lenses. 

To determine the reproducibility of analysis 
for any single photograph, eight photographs 
were each evaluated ten times by a single grad- 
er. The standard deviation for each set of ten 
measurements was less than 2.3% of the mean 
value measured. Comparison of the mean val- 
ues obtained by the first grader with the values 
obtained by the second grader showed as high 
as 38% discrepancy between graders for retroil- 
luminated photographs and as high as 11% 
discrepancy between graders for slit-lamp pho- 
tographs. 

Peak and average nuclear density correlated 
with clinically graded nuclear opacity by linear 
regression analysis (P = .001 for both; Figs. 1 
and 2). The screening ability of nuclear density 
measurements demonstrated 92% sensitivity, 
94% specificity, and 92% positive predictive 
values. Opaque area correlated with clinically 
graded cortical opacity (P = .001; Fig. 3) but not 
with clinically graded posterior subcapsular 
opacity (P = .3; Fig. 4). Since computer analysis 
of opaque area could not distinguish cortical 
from posterior subcapsular opacities, lenses 
with posterior subcapsular opacities were then 
excluded to determine the accuracy and predic- 
tive value of opaque area measurements in 
screening for cortical opacities. These measure- 
ments showed 67% sensitivity, 88% specificity, 
and 67% positive predictive values. 

Since lens opacities are frequently present in 
various combinations, data were examined for 
confounding factors by multiple regression 
analysis. The association between nuclear 
opacity and nuclear density measurements re- 
mained significant regardless of the presence of 
cortical or posterior subcapsular opacities (P = 
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Fig. 1(Adamsons and associates). 
The correlation (r) of clinically 
graded nuclear opacities with peak 


Nuclear Opacity as Graded Clinically 


.001 for all). Additionally, the association of 
Opaque area and cortical opacity was unaffect- 
ed by the presence of nuclear opacities (P = 
.001). Nuclear color, however, correlated posi- 
tively with all three computer-generated meas- 
urements (P = .001 to P = .04). Nuclear color 
also correlated positively with the three clinical 
lens grades (P = .001 to P = .06). The associa- 
tion of nuclear color with all three computer- 
generated measurements, however, was not 
seen after adjusting for age (P = .12 to P = .31). 
This reflects the colinearity between age and 
nuclear color’ and the strong association be- 
tween age and cortical and nuclear opacities, 
and the weaker association with posterior sub- 
capsular opacities.” 
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nuclear density (r = .74; slope = 
30.54; standard error slope = 5.19; 
P = .001). 
2.4 3.2 
Discussion 


This camera system is a highly automated 
method of photodocumentation and analysis 
with many advantages. High-quality, slit-lamp 
photographs*"™"® are used for evaluation of 
nuclear opacities, and retroilluminated photo- 
graphs are used to document cortical and pos- 
terior subcapsular opacities. Camera align- 
ment and focusing is semiautomated, resulting 
in highly standardized photographs; photo- 
graphs are displayed immediately so that poor 
quality ones can be retaken without delay; 
on-line digitizing eliminates the delay and loss 
of detail incurred by separate densitometry of 


Fig. 2(Adamsons and associates). 
The correlation of clinically graded 
nuclear opacities with average nu- 


clear density (r = .80; slope = 
23.66; standard error slope = 3.36; 
P = .001). 


2.4 3.2 


Nuclear Opacity as Graded Clinically 
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Fig. 3(Adamsons and associates). 
The correlation of cortical opacity 
with opaque lens area (r .60; 
slope = 3.24; standard error slope 
= 0.82; P = .001). The correlation 
improved when cortical opacity 
was graded by fraction of lens area 
occupied rather than of lens cir- 
cumference (r = .82; slope = 5.20; 
standard error slope = 0.77; P = 
001). 


photographs; and the computer analysis re- 
quires little subjective operator input, thereby 
standardizing the photograph measurement. 
Repeated analyses, by one person, of any 
individual photograph were highly reproduci- 
ble, which suggests that one measurement per 
grader is adequate. Interobserver reliability 
was acceptable for slit-lamp photographs but 
was less so for retroilluminated photographs, 
indicating that, while analysis of replicate slit- 
lamp photographs by more than one grader 
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may add to the accuracy of that measurement, 
analysis of retroilluminated photographs re- 
quires improved standardization. 

The measurements obtained with this camera 
system generally correlated well with the clini- 
cal measures of opacities. Peak and average 
nuclear density measurements correlated with 
clinically graded nuclear opacities and accu- 
rately predicted significant nuclear opacity. 
Opaque area measurements correlated with 
clinically graded cortical opacities but were less 


Fig. 4(Adamsons and associates). 
The correlation of posterior sub- 
capsular cataracts with opaque area 
(r .21; slope 0.33; standard 
error slope = 0.29; P = .268). 
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effective in predicting significant cortical opaci- 
ty. Opaque area measurements did not corre- 
late with clinically graded posterior subcapsu- 
lar opacities; however, the study included only 
a small number of posterior subcapsular opaci- 
ties. An important drawback of this software is 
that, during the analysis of retroillumination 
photographs, one cannot separate between 
posterior subcapsular and cortical opacities. 

The Lens Opacity Meter 701 (Intraoptics, 
Switzerland) is a clinically available device for 
documenting lens opacities. Its measurements, 
however, correlated with clinical lens gradings 
for nuclear opacity only and showed no correla- 
tion with grading for either posterior subcapsu- 
lar opacities or with cortical opacities.” Fur- 
thermore, there was a large degree of overlap 
between the severity of the nuclear opacity and 
the Lens Opacity Meter measurement, which 
indicates poor specificity of this device.” We 
believe that this camera system is an improve- 
ment over the Lens Opacity Meter. Nuclear 
Opacities were measured accurately and pre- 
dicted; cortical opacities were measured accu- 
rately but predicted less well. Improvements in 
the system’s software that will permit separa- 
tion of cortical from posterior subcapsular 
opacities and that will further standardize their 
evaluation should improve performance with 
these opacities as well. 
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OPHTHALMIC MINIATURE 
Nobody took any notice of Schnak’s infatuation but Darcourt: nobody else 
saw the special quality in her tagging and hanging. Nobody else saw the 


lovelight in her eyes. 


They were not eyes in which one would look for the lovelight. They were 
small, pebbly, squinty little eyes. Nor was Schnak a figure upon whom love 
sat like an accustomed garment; her motion was not graceful, because, in 
one of Darcourt’s Old Ontario phrases, she was as bow-legged as a hog 


going to war... 


Robertson Davies, The Lyre of Orpheus 
New York, Penguin Books, 1988, p. 374 





Surgical Management of Oculomotor Nerve Palsy 





Irene Gottlob, M.D., Robert A. Catalano, M.D., and Robert D. Reinecke, M.D. 


We treated seven patients with unilateral 
oculomotor nerve palsy by transposition of 
the insertion of the superior oblique tendon to 
a point anterior and medial to the insertion of 
the superior rectus muscle without trochle- 
otomy (Scott procedure). Additionally, large 
recessions of the lateral rectus muscle of in- 
volved eyes and, occasionally, recess/resect 
procedures of horizontal recti muscles of non- 
involved eyes were performed. All patients 
were followed up between one and eight 
years. Orthophoria in the primary position 
was achieved and maintained with one opera- 
tion in four patients. A fifth patient had only a 
small residual exotropia. In two patients who 
had aberrant regeneration of the oculomotor 
nerve, surgery on horizontal recti muscles of 
the noninvolved eye improved the eyelid posi- 
tion of the involved eye after three operations. 


In ocutomotor NERVE PALSY, the eye becomes 
fixed in a down and out position because of 
unopposed action of the lateral recti and supe- 
rior oblique muscles. This position has prompt- 
ed the development of innovative strabismus 
procedures aimed at maintaining the eye in the 
straight-ahead position. The goal of alignment 
of such eyes in the primary position necessi- 
tates acceptance of limited motility of the in- 
volved eye. If some residual function of the 
medial rectus muscle exists, the eyes may be 
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aligned in primary position with a large reces- 
sion of the lateral rectus muscle combined with 
a resection of the medial rectus muscle.” Large 
resections of a completely paralytic muscle, 
however, accomplish little. The eye may be- 
come exotropic again with time as the lateral 
rectus muscle undergoes chronic contraction 
and the resected muscle elongates. If the medial 
rectus muscle lacks any function, transposition 
of the superior oblique muscle is usually neces- 
sary to exert a tonic adducting force to the 
globe. 

The technique of fracturing the trochlea and 
attaching the shortened superior oblique ten- 
don to the medial rectus muscle insertion has 
been recommended by several authors.’* De- 
scribed initially by Peter’ and then by Jackson,’ 
this procedure is technically difficult and may 
result in the superior oblique tendon being 
severed inadvertently at the trochlea, especial- 
ly in an adult patient with a calcified trochlea. 
To avoid these difficulties, Scott® devised an 
alternative technique of transposition of the 
superior oblique tendon without trochleotomy. 
In the Scott procedure, the superior oblique 
muscle is first tenotomized at the medial border 
of the superior rectus muscle. The tendon is 
sutured to the sclera 2.0 to 3.0 mm anterior to 
the medial side of the superior rectus muscle 
insertion. Using this technique, Scott achieved 
good results in one patient with a congenital 
oculomotor nerve palsy. Harley,’ however, ob- 
served that less adduction is achieved by this 
procedure than with the procedures of Peter 
and Jackson. Saunders and Rogers” obtained 
unsatisfactory results with the Scott procedure 
in four eyes of three patients with oculomotor 
nerve palsy. Postoperatively, they reported in- 
adequate horizontal alignment, hypertropias, 
or paradoxic ocular movements. In contrast, 
Maruo, Kubota, and Iwashige” obtained satis- 
factory results by transposing the superior 
oblique tendon without trochleotomy when 
combined with recession of the lateral and 
superior recti muscles. 

Treatment of the blepharoptosis in some pa- 
tients has also posed a problem, since a fronta- 
lis suspension for a nonmoving eye may cause 
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corneal exposure. de Decker’ described im- 
provement of a blepharoptotic eyelid associat- 
ed with a oculomotor nerve palsy by surgery on 
the noninvolved eye. This patient had aberrant 
regeneration of the oculomotor nerve with eye- 
lid elevation on attempted adduction of the 
paretic eye. Moving the horizontal recti mus- 
cles of the noninvolved eye by a modified Kest- 
enbaum reposition operation caused the fixing 
eye to have innervation of constant abduction, 
thereby keeping the eyelid of the affected eye 
raised. Such repositioning of the noninvolved 
eye stimulated the lateral rectus muscle of the 
affected eye. According to Hering’s law, the 
medial rectus muscle of the eye with the oculo- 
motor nerve palsy is also stimulated. Because of 
aberrant innervation, the eyelid of the involved 
eye raises while the eyes are in primary posi- 
tion. 

We treated seven patients with unilateral oc- 
ulomotor nerve palsy who underwent transpo- 
sition of the superior oblique tendon without 
trochleotomy to a position 2.0 or 3.0 mm ante- 
rior to the medial end of the superior rectus 
muscle insertion (Scott procedure). In the in- 
volved eyes of the patients, large recessions of 
lateral recti muscles were performed. In four 
patients, these recessions were combined with 
resections of the medial recti muscles. Addi- 
tionally, we treated two patients with aberrant 
regeneration of the oculomotor nerve to the 
eyelid who underwent a recess/resect proce- 
dure of the horizontal recti muscles in the 
unaffected eye in an effort to raise the affected 
blepharoptotic eyelid. 


Patients and Methods 


We reviewed the postoperative eye positions 
of all patients treated for oculomotor nerve 
palsy by one of us (R.D.R.) with the Scott 
procedure between 1979 and 1990. Four pa- 
tients had congenital oculomotor nerve palsy 
and three patients had oculomotor nerve palsy 
after trauma. Two of the seven patients had had 
previous surgery on horizontal recti muscles. 
Preoperative ocular motility examination in- 
cluded prism cover measurements and an anal- 
ysis of the ocular ductions. No patient demon- 
strated clinically apparent medial rectus muscle 
function. The function of the superior oblique 
muscle of the paralytic eye was established by 
observing an intorsion on attempted downward 
gaze. The function of the lateral rectus muscle 


was ascertained by observing a small sluggish 
medial drift of the eye on attempted adduction, 
a brisk lateral movement on attempted abduc- 
tion, and a positive force generation test. All 
seven patients had functioning superior 
oblique and lateral recti muscles. In five of the 
seven patients, ocular movements were record- 
ed by electro-oculography or the magnetic 
search coil technique. Ocular movement re- 
cordings confirmed clinical findings of no resid- 
ual function of the medial rectus muscle and 
intact function of the lateral rectus muscle. All 
patients had blepharoptosis in the involved 
eyes, and the blepharoptosis was corrected in 
most of the patients subsequent to ocular mus- 
cle surgery. 

Surgery was performed on patients while 
under general anesthesia. Forced duction tests 
were noncontributory before surgery in six of 
the seven patients. Limbal incisions were used 
for all procedures, and the muscles were placed 
on a Berens’ clamp and reattached to the globe 
with 6-0 Tycron sutures in a figure-eight pat- 
tern. The superior oblique muscle was ap- 
proached through the same incision as the me- 
dial rectus muscle and was isolated medial to 
the superior rectus muscle. According to the 
technique described by Scott,” a 6-0 Tycron 
suture was passed through the superior oblique 
tendon at a point that gave some tonic elevation 
and adduction force in the primary position. 
The tendon was reattached to the globe 2.0 to 
3.0 mm anterior to the medial end of the superi- 
or rectus muscle insertion. 

The goal of surgery was to align the eyes 
within 10 prism diopters of orthophoria in 
primary position. If this was not achieved after 
the first surgical session, additional procedures 
were performed. The period of follow-up after 
the last operation ranged between one and 
eight years (mean, 3.14 years). 


Results 


The eyes of three patients (Cases 1, 2, and 3) 
were orthophoric in the primary position after 
the first operation. For each of these patients a 
14.0-mm or greater recession of the lateral 
rectus muscle and a 4.0- to 6.0-mm resection of 
the medial rectus muscle was performed in 
addition to the Scott procedure. The ocular 
position of these patients has remained stable 
during a follow-up period of two to eight years. 

In Case 4, the patient had two previous oper- 
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ations on the right eye and one previous opera- 
tion on the left eye. Before our first surgery, a 
marked restriction of adduction and depression 
of the right eye was found on forced duction 
testing. Multiple adhesions between the con- 
nective tissues and the superior and lateral recti 
muscles were encountered during surgery. At 
surgery, both muscles were disinserted and the 
Scott procedure was performed. After surgery, 
the patient had a residual right exotropia of 10 
prism diopters, which remained stable one year 
postoperatively. 

Preoperatively, the patient in Case 5 had a 
left exotropia of 60 prism diopters, a left hypo- 
tropia of 20 prism diopters, and blepharoptosis 
of the left upper eyelid (Fig. 1, left). In the left 
eye, the lateral rectus muscle was recessed 10.0 
mm and the Scott procedure was performed; in 
the right eye, the lateral rectus muscle was 
recessed 7.0 mm and the medial rectus muscle 
was resected 5.0 mm. Postoperatively, there 
was no vertical deviation in primary position; 
however, the patient had a residual left exotro- 
pia of 40 prism diopters. The left lateral rectus 
muscle was subsequently further recessed 5.0 
mm, the left medial rectus muscle was resected 
7.0 mm, and the left superior oblique muscle 
was advanced 5.0 mm. After the second opera- 
tion, the patient had a consecutive left esotro- 
pia of 15 prism diopters. The right lateral rectus 
muscle was then advanced 4.0 mm, and a fron- 
talis suspension of the left upper eyelid was 
performed. Orthophoria in the primary posi- 
tion was achieved (Fig. 1, right). 

The patient in Case 6, who sustained a trau- 
matic right oculomotor nerve palsy, had a right 
exotropia of 120 prism diopters preoperatively. 
The right eye extorted approximately 20 de- 
grees on attempted upgaze, which demonstrat- 
ed function of the right inferior oblique muscle. 
This patient had marked aberrant regeneration 
of the oculomotor nerve. In primary position 
(Fig. 2, top left), right gaze (Fig. 2, top right), 





operation (right). 





Fig. 1 (Gottlob, Catalano, and Reinecke). Case 5. The eyes before the first operation (left) and after the third 


and upgaze (Fig. 2, middle left), an almost 
complete right blepharoptosis was noted. The 
right upper eyelid was elevated on attempted 
left gaze (Fig. 2, middle right) as well as on 
attempted downward gaze (Fig. 2, bottom left). 
The right lateral rectus muscle was recessed 
16.0 mm, and the Scott procedure was per- 
formed on the right superior oblique muscle. To 
diminish the extortion of this eye on upgaze, 
the right inferior oblique muscle was disinsert- 
ed. Additionally, the left medial rectus muscle 
was resected 5.0 mm, and the left lateral rectus 
muscle was recessed 10.0 mm. Surgery on the 
left eye was performed to reduce the exotropia 
and to improve the position of the eyelid in 
primary position. After this procedure, the 
right upper eyelid opened approximately 6.0 
mm in primary position, similar to its position 
during attempted left gaze preoperatively. The 
patient, however, had a residual right exotropia 
of 25 prism diopters and a right hypotropia of 
15 prism diopters. The right superior oblique 
muscle was then advanced an additional 3.5 
mm, and a levator resection of 12.0 mm was 
performed on the right upper eyelid. Postopera- 
tively, the patient had a residual right exotropia 
of 18 prism diopters and a right hypotropia of 5 
prism diopters. Blepharoptosis in the right up- 
per eyelid was 4.0 mm. Because of aberrant 
regeneration, on attempted downward gaze the 
right upper eyelid elevated and the right eye 
adducted. Subsequently, a 5.5-mm recession of 
the left inferior rectus muscle and a 6.0-mm 
resection of the left superior rectus muscle was 
performed to stimulate adduction of the right 
eye and elevation of the right upper eyelid. To 
avoid anterior segment ischemia, the anterior 
ciliary arteries of both muscles were isolated 
and were not severed during surgery. Postoper- 
atively, the patient was orthophoric in primary 
position with only a minimal blepharoptosis of 
the right upper eyelid. Slight blepharoptosis of 
the left inferior eyelid was observed as a conse- 
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quence of the recession of the left inferior 
rectus muscle. Two years postoperatively, the 
eyes in primary position were orthophoric, and 
the patient had mild blepharoptosis of the right 
upper and the left lower eyelid (Fig. 3). 

One patient (Case 7) sustained a traumatic 
right oculomotor nerve palsy at age 12 years. At 
age 27 years, the patient had a right exotropia 
of 60 prism diopters and right hypotropia of 4 
prism diopters. On attempted left gaze the right 
upper eyelid elevated. The right lateral rectus 
muscle was recessed 8.0 mm, the conjunctiva 
was recessed laterally 5.0 mm, and the Scott 
procedure was performed. The left medial rec- 
tus muscle was resected 6.0 mm and the left 
lateral rectus muscle was recessed 9.0 mm on 
adjustable sutures. The position of the left eye 
was adjusted after surgery so that the patient 
was orthophoric in primary position. Similarly, 
as for the patient in Case 6, the advantage of the 
aberrant regeneration was taken into consider- 
ation in the treatment of this patient. The re- 
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Fig. 2 (Gottlob, Catalano, and Reinecke). Case 6. 
The eyes before the first operation in primary posi- 
tion (top left), right gaze (top right), upgaze (middle 
left), left gaze (middle right), and downgaze (bottom 
left). 


cess/resect procedure of the horizontal recti 
muscles of the noninvolved left eye increased 
innervation of the lateral rectus muscle of this 
eye and of the contralateral medial rectus mus- 
cle in the primary position. The right eyelid was 
elevated after surgery. Ocular alignment and 
eyelid position have remained stable over a 
follow-up period of one year. 
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Fig. 3 (Gottlob, Catalano, and Reinecke). Case 6. 
The eyes in primary position after the third opera- 
tion. 
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The patients in Cases 2 and 5 had smaller 
pupils in the involved eyes in some gaze posi- 
tions, most likely caused by aberrant regenera- 
tion. The other patients had symmetric (Cases 
1, 3, and 4) or larger, less reactive pupils in the 
involved eye (Cases 5, 6, and 7). 





Discussion 





In all of our patients, the Scott procedure 
combined with recess/resect procedures on 
recti muscles resulted in a satisfactory cosmetic 
outcome and alignment in primary position. 
Orthophoria in the primary position was 
achieved with one operation in four patients, 
and one patient had only a small residual exo- 
tropia. Two patients needed two additional pro- 
cedures but were subsequently orthophoric in 
primary position. These results are comparable 
with those of patients who underwent the pro- 
cedures of Peter and Jackson.** The Scott pro- 
cedure, however, is technically easier to per- 
form, does not risk severing the superior 
oblique tendon during trochleotomy, and is 
reversible. 

Our results differ from those of Saunders and 
Rogers,” who obtained inadequate horizontal 
alignment, hypertropias, or paradoxic ocular 
movements postoperatively. Different results 
might be explained by different surgical proce- 
dures. Our results suggest that large ipsilateral 
lateral rectus muscle recession is necessary to 
achieve alignment. Three patients (Cases 1 
through 3), for whom orthophoria in primary 
position was achieved with one surgery, had a 
lateral rectus muscle recession of more than 
14.0 mm from the original insertion. The good 
ocular alignment of the patient in Case 7, who 
underwent only an 8.0-mm recession of the 
lateral rectus muscle, might be caused by the 
additional recession of the conjunctiva and by 
the large recess/resect procedure on the unaf- 
fected eye. This compares to the patient in Case 
5 who had only a 10.0-mm recession of the 
lateral rectus muscle and had a residual exotro- 
pia of 40 prism diopters after the first surgery. 
Similarly, Saunders and Rogers! treated one 
patient with bilateral oculomotor nerve palsy 
with only 11.0-mm recessions of each lateral 
rectus muscle. This patient had a residual exo- 
tropia of 90 prism diopters. Maruo, Kubota, and 
Iwashige” found some correlation between the 
amount of lateral rectus muscle recession and 


the amount of correction of exotropia. Howev- 
er, they recessed the lateral rectus muscle in 
most of their patients only 12.0 mm or less and 
obtained a residual exotropia of more than 10 
prism diopters in 14 of their 20 patients. A 
second operation with further recession of the 
lateral rectus muscle decreased the exotropia in 
five of these patients. Therefore, it appears 
essential to combine the Scott procedure with a 
large recession of the ipsilateral lateral rectus 
muscle of at least 14.0 to 16.0 mm. 

In contrast to Saunders and Rogers,” we 
found that none of our seven patients had a 
cosmetically significant hypertropia after the 
Scott procedure. Differences might be ex- 
plained by the different technique of transpos- 
ing the superior oblique muscle. In all of our 
patients, the superior oblique muscle was reat- 
tached to the sclera where it was shortened only 
to a point that gave some tonic elevation and 
adducting force in primary position. Saunders 
and Rogers” may have shortened the superior 
oblique tendon excessively before resuturing it 
to the globe. An extremely short and excessive- 
ly medially placed superior oblique tendon may 
explain the hypertropias in abduction of the 
paretic eye of their patients. The purpose of 
transposing the superior oblique muscle is to 
prevent a chronic recurrence of the deviation in 
primary position rather than increase the range 
of motion of the eye. If no opposing muscle 
force is present, it is likely that the exotropia 
will recur. Only a small tonic force is necessary 
to maintain alignment. Our long-term results, 
demonstrating stable alignment during a fol- 
low-up period of up to eight years postopera- 
tively, confirm that it is not necessary to pull 
the superior oblique muscle tight to give a leash 
effect when only a mild adduction force is 
necessary. Saunders and Rogers” found that 
the eyes of their patients were better aligned 
after severing the superior oblique tendon. The 
follow-up period for their patients, however, 
was not given. Maruo, Kubota, and Iwashige”! 
performed additional recessions of the superior 
recti muscles in their patients. They concluded 
that the results vertically were not a great deal 
different in four patients who had no superior 
rectus muscle recession. This finding is in 
agreement with our results. In our patients, 
it was sufficient to eliminate the down-pull- 
ing force of the superior oblique muscle by 
transposition to obtain satisfactory vertical 
alignment. 

Additional surgery on contralateral recti 
muscles improved the eyelid position in two of 
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our patients with aberrant regeneration. In 
these patients (Cases 6 and 7), recess/resect 
procedures on horizontal recti muscles of the 
unaffected eyes not only improved the ocular 
alignment but also raised the affected eyelid in 
primary position. Both patients had elevation 
of the eyelid on attempted adduction of the eye 
with the oculomotor nerve palsy. The nonin- 
volved eyes of these patients were moved to- 
ward an adducted position and abducting im- 
pulses were, therefore, needed to gaze straight 
ahead. According to Hering’s law, this stimulat- 
ed nerve fibers to the medial recti muscles of 
the paralytic eyes that were subsequently inner- 
vating the levator muscle. In one patient (Case 
6) the affected eye adducted and the eyelid 
elevated on attempted downward gaze. Surgery 
of the vertical recti muscles of the noninvolved 
eye was performed to elevate this eye. Because 
constant depressing innervation of this eye was 
needed to hold it in the primary position, con- 
sensual impulses to the paretic eye resulted in 
ocular adduction and eyelid elevation. 

We achieved cosmetically satisfactory, long- 
term results in seven patients with oculomotor 
nerve palsy without function of the medial 
rectus muscle by the Scott procedure. Excessive 
shortening of the superior oblique tendon was 
not necessary, but orthophoria in primary posi- 
tion required a large recession of the ipsilateral 
lateral rectus muscle of 14.0 to 16.0 mm. Resec- 
tion of the medial rectus muscle and recession 
of the lateral rectus muscle of the noninvolved 
eye can be added to improve horizontal align- 
ment. In certain cases, Kestenbaum-type sur- 
gery on the noninvolved eye of patients with 
aberrant regeneration may raise the affected 
blepharoptotic eyelid and help achieve ortho- 
phoria in primary position. 
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Echographic Diagnosis of Dural Carotid-Cavernous Sinus 


Fistulas 





Robert H. Spector, M.D. 


I used standardized ophthalmic echography 
to identify specific abnormalities in four 
patients with low-pressure, low-flow dural 
arteriovenous malformations. In all of the 
patients, B-scan ultrasonography showed 
engorgement of the ipsilateral vertical vein. 
A-scan ultrasonography dynamically imaged 
rapid blood flow through the superior oph- 
thalmic vein and enlargement of the culpable 
ocular muscles in patients with restrictive 
ophthalmopathy. The 30-degree test distin- 
guished between venous engorgement of the 
optic nerve sheath and apical compression of 
the optic nerve by enlarged ocular muscles. 


Carorip-caveRNous  sINUS FISTULAS result 
from an arteriovenous communication in the 
region of the cavernous sinus. They can be 
classified etiologically as spontaneous or trau- 
matic, hemodynamically as high-flow or low- 
flow, or angiographically into direct or dural 
fistulas.’ The direct high-flow, high-pressure 
fistulas usually occur after head trauma. Sud- 
den rupture of the main carotid trunk into the 
surrounding cavernous sinus produces an ex- 
plosive surge of venous engorgement and hy- 
pertension, which results in marked dilation of 
the cavernous sinus and the venous sinuses that 
normally drain away from and toward the cav- 
ernous sinus. Retrograde drainage anteriorly 
produces engorgement of the superior ophthal- 
mic vein and its tributaries, as well as an im- 
pressive array of ocular findings including 
proptosis, chemosis, restricted motility, and 
decreased vision secondary to ischemic optic 
neuropathy or increased intraocular pressure. 
The severity of proptosis and the threat to 
visual sensory and motor function often lead to 
immediate neuroradiologic intervention, with 
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high-resolution computed tomography, mag- 
netic resonance imaging, and selective and 
superselective carotid and cerebral angiogra- 
phy. 

Another type of carotid-cavernous fistula, of- 
ten called a dural shunt, occurs spontaneously 
and represents an anomalous connection be- 
tween small meningeal branches of the internal 
or external carotid artery and venous channels 
of the cavernous sinus. These arteriovenous 
connections lead to a low-flow, low-pressure 
fistula that behaves differently both clinically 
and hemodynamically from the direct carotid 
fistulas.°? When the small-caliber secondary 
and tertiary dural branches of the intracaver- 
nous portion of the carotid artery or the exter- 
nal carotid artery rupture into the cavernous 
sinus, there is a less dramatic increase in cav- 
ernous sinus and orbital venous pressure. 
Hence, the symptoms and signs of congestive 
ophthalmopathy evolve more insidiously, are 
generally milder, and may persist for longer 
periods of time without jeopardizing corneal, 
visual sensory, or motor function.”** Addition- 
ally, dural fistulas have a relatively high preva- 
lence of spontaneous resolution, ranging in 
some series from 10% to 60%.*** The potential 
for spontaneous resolution of dural arteriove- 
nous malformations would appear to favor a 
conservative approach. Using standardized 
ophthalmic echography, a noninvasive outpa- 
tient diagnostic tool, I observed a number of 
echographic findings indigenous to low-flow, 
low-pressure fistulas. 


Patients and Methods 


Four patients with either angiographically 
proven or presumed dural carotid-cavernous 
fistulas were studied with standardized oph- 
thalmic echography. In each patient, the supe- 
rior ophthalmic vein, vertical or median collat- 
eral vein, the four recti muscles, and the optic 
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nerve immediately behind the globe and mid- 
orbit were either imaged or measured. All the 
echographic determinations were performed at 
least three times to ensure reproducibility. The 
techniques for examining the orbital veins,” 
the ocular muscles,” and the optic nerves 
have been previously reported. The normal 
range of anterior and posterior optic nerve 
measurements is 2.2 to 4.4 mm, and this intra- 
ocular difference should not exceed 0.3 mm. 
The normal range of extraocular muscle meas- 
urements includes the following: medial rectus 
muscle, less than 4.6 mm with the difference 
between pairs not exceeding 0.4 mm; lateral 
rectus muscle, less than 3.5 mm with the differ- 
ence between pairs not exceeding 0.6 mm; infe- 
rior rectus muscle, less than 3.1 mm with the 
difference between pairs not exceeding 0.7 mm; 
and superior rectus muscle, less than 7.1 mm 
with the difference between pairs not exceeding 
0.8 mm. In two patients, the diagnosis of a 
carotid-cavernous fistula was confirmed angio- 
graphically before standardized ophthalmic 
echography, and in two patients the diagnosis 
was confirmed by clinical findings alone. 


10-12 





Case Reports 





Case 1 

A 44-year-old woman had severe, throbbing 
left hemicranial headaches followed by redness 
and proptosis of the left globe. Computed to- 
mographic scans showed left-sided proptosis 
and enlargement of the ipsilateral superior 
ophthalmic vein. Cerebral angiography dis- 
closed a dural carotid-cavernous sinus fistula 
between the meningohypophyseal trunk of the 
intracavernous internal carotid artery and the 
cavernous sinus. 

Visual acuity, pupils, and visual fields were 
normal. The right fundus was normal, but the 
left eye showed overfilling of the retinal veins 
and mild swelling of the optic disk. Intraocular 
pressure was R.E.: 13 mm Hg and L.E.: 34 mm 
Hg. Hertel exophthalmometry measurements 
were R.E.: 16 mm and L.E.: 23 mm. No bruits 
were heard over the orbits, cranial vault, or 
neck vessels. Right eye motility was full. Left 
eye movements were limited to 80% elevation, 
70% depression, 50% adduction, and 60% ab- 
duction. Results of forced duction testing were 
positive in all directions. The left temporal 
sclera contained several hyperemic and dilated, 
tortuous episcleral veins. The patient was given 
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Fig. 1 (Spector). Case 1. Standardized A-scan echo- 
grams of an enlarged and arterialized superior oph- 
thalmic vein. The probe is placed behind the corneo- 
scleral limbus at approximately the 7 o'clock 
meridian with the sound beam aimed through the 
globe into the superior medial orbit. Top, Echogram 
obtained from the anterior segment of the enlarged 
left superior ophthalmic vein. Echolucent area 
bounded by sharply rising perpendicular spikes out- 
line the superior ophthalmic vein. Bottom, Posterior 
segment of left superior ophthalmic vein. The venous 
echogram widens posteriorly, which indicates great- 
er dilation of the superior ophthalmic vein. The 
low-amplitude, blurred spikes at the base of the 
echogram represent fast-moving arterialized blood 
within the superior ophthalmic vein. Initial spike (I) 
comes from the probe-globe interface at the 7 o'clock 
meridian behind the corneoscleral limbus. Echo- 
lucency in orbital tissue space was caused by enlarge- 
ment of anterior portion of left superior ophthalmic 
vein (A). Low-amplitude, blurred spikes resulted 
from rapid transit of arterialized blood through the 
superior ophthalmic vein (arrows). (V, clear vitreous; 
F, fundus signals from retina, choroid, and scleral 
surfaces.) 
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Fig. 2 (Spector). Case 1. Left, Contact B scan of a normal vertical vein. To obtain these images, the B probe was 
placed vertically along the temporal corneoscleral limbus of the globe and aimed toward the medial rectus 
muscle. The normal vertical vein echogram is seen as a thin, vertical slither between the medial rectus tendon 
and the optic nerve. (V, vitreous; F, fundus signals; v, vertical vein.) Right, B-scan echogram of a dilated tortuous 


vertical vein (v) in an arteriovenous fistula. 


levobunolol hydrochloride 0.5% in the left eye 
twice a day and 250 mg of acetazolamide, four 
times a day. 

Figures 1 and 2 depict the results of A- and 
B-scan ultrasonography, respectively. A-scan 
ultrasonography disclosed anterior optic nerve 
measurements of R.E.: 3.0 mm and L.E.: 3.9 
mm; posterior optic nerve measurements of 
R.E.: 3.1 mm and L.E.: 3.9 mm; and 30-degree 
optic nerve measurements of 3.2 mm (Fig. 3). 
Standardized A-scan measurements of the ex- 
traocular muscles were the following: right me- 


dial rectus muscle, 4.0 mm; left medial rectus 
muscle, 5.1 mm; right lateral rectus muscle, 3.3 
mm; left lateral rectus muscle, 3.8 mm; right 
inferior rectus muscle, 2.9 mm; left inferior 
rectus muscle, 3.6 mm; right superior rectus 
muscle, 6.9 mm; and left superior rectus mus- 
cle, 7.6 mm. Over several months, the ocular 
symptoms and signs resolved fully. 


Case 2 
A 61-year-old woman had a six-week history 
of double vision, but she did not have head- 





Fig. 3 (Spector). Case 1. Left, Maximum thickness of the left optic nerve, measured by the standardized A-scan 
method obtained by the transocular method. The left-hand spike represents the probe-eye interface (1), the 
baseline is vitreous (V), and the echolucent area, bounded on both sides by perpendicular sharply rising spikes, 
is the optic nerve (enclosed by arrows) (O, normal orbital tissue). Right, Left optic nerve echogram after the left 
eye was abducted 30 degrees for 30 seconds. Note that the size of the echogram decreased by an amount greater 
than 10% of the baseline measurement (arrows). 
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aches, tinnitus, or bruits. The patient had had 
two coronary artery bypass grafts, an active 
duodenal ulcer, and a cardiac murmur. 

On examination, visual acuity, pupils, color 
perception, and visual fields were normal. The 
right fundus was normal, but the left eye 
showed mild congestion and swelling of the 
optic disk. The patient had 8 prism diopters of 
esotropia in primary gaze, 18 prism diopters of 
esotropia in right gaze, and 14 prism diopters 
of esotropia in left gaze. Results of forced 
duction testing were negative. Spiral-shaped, 
enlarged episcleral vessels were present overly- 
ing the insertion of both the medial and lateral 
recti muscles. A soft, high-pitched systolic bruit 
was heard around the left globe and the left and 
right temples. Intraocular pressure was R.E.: 16 
mm Hg and L.E.: 21 mm Hg. Hertel exophthal- 
mometry measurements were R.E.: 18 mm and 
L.E.: 21 mm, 

B-scan ultrasonography disclosed dilation of 
the left superior ophthalmic vein and the left 
medial collateral vein. A-scan ultrasonography 
showed a volley of constantly moving low- 
amplitude spikes at the base of the superior 
ophthalmic vein echogram. A-scan ultrasono- 
graphy disclosed anterior optic nerve measure- 
ments of R.E.: 2.9 mm and L.E.: 4.4 mm; poster- 
ior optic nerve measurements of R.E.: 3.2 mm 
and L.E. 3.3 mm; and 30-degree optic nerve 
measurement of 4.2 mm. Measurements of the 
extraocular muscles were the following: right 
medial rectus muscle, 4.4 mm; left medial rec- 
tus muscle, 4.2 mm; right lateral rectus muscle, 
3.5 mm; left lateral rectus muscle, 3.5 mm; right 
inferior rectus muscle, 3.0 mm; left inferior 
rectus muscle, 2.9 mm; right superior rectus 
muscle, 7.0 mm; and left superior rectus mus- 
cle, 6.8 mm. 

Based on a presumptive diagnosis of a left- 
sided dural carotid-cavernous sinus fistula, 
conservative treatment was recommended. The 
patient returned for follow-up one month later 
with increased diplopia, and the esotropia was 
greater than before in both right and left gazes. 
Results of forced duction testing were again 
negative. A computed tomographic scan was 
interpreted as showing an enlarged superior 
ophthalmic vein on the left side, equivocal 
enlargement of the right medial rectus muscle 
and left medial rectus muscle, and the left optic 
nerve was thickened all along its orbital course. 
A cerebral angiogram showed a low-pressure, 
low-flow fistula between the meningohypo- 
physeal branch of the left intracavernous inter- 
nal carotid artery and the left cavernous sinus. 
All of the signs resolved in four months. 
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Case 3 

A 69-year-old woman with insulin-depen- 
dent diabetes mellitus and a history of allergy 
to contrast dye had a 12-week history of con- 
junctivitis in the left eye. Treatment with nu- 
merous topical antibiotics was unsuccessful. 
She was referred for examination after intraoc- 
ular pressure was found to be asymmetrically 
increased. 

Visual acuity was R.E.: 20/80 and L.E.: 20/ 
60. Pupils and visual fields were normal. Hertel 
exophthalmometry measurements showed 7 
mm of axial, nonpulsatile, left-sided proptosis. 
Ocular motility disclosed severe limitation of 
left eye abduction with moderate limitation in 
other fields of gaze. Results of forced duction 
testing were negative. Motility of the right eye 
was normal. Intraocular pressure was R.E.: 10 
mm Hg and L.E.: 28 mm Hg. Biomicroscopy 
disclosed several arterialized episcleral veins 
temporal to the left corneoscleral limbus. Oph- 
thalmoscopy of the left eye showed congestion 
of the optic disk, overfilling of the retinal veins, 
and several small superficial and deep hemor- 
rhages around the posterior pole and midpe- 
riphery. Ophthalmodynamometry was not ob- 
tained. A soft systolic bruit was heard over the 
left orbit. 

B-scan ultrasonography demonstrated a di- 
lated superior ophthalmic and medial collateral 
vein in the left eye. A-scan ultrasonography 
disclosed anterior optic nerve measurements of 
R.E.: 3.0 mm and L.E.: 4.0 mm; posterior optic 
nerve measurements of R.E.: 3.1 mm and L.E.: 
3.9 mm; and 30-degree optic nerve measure- 
ment of 3.0 mm. Measurements of the extraocu- 
lar muscles were the following: right medial 
rectus muscle, 4.2 mm; left medial rectus mus- 
cle, 5.0 mm; right lateral rectus muscle, 3.0 mm; 
left lateral rectus muscle, 3.8 mm; right inferior 
rectus muscle, 3.0 mm; left inferior rectus mus- 
cle, 3.9 mm; right superior rectus muscle, 6.3 
mm; and left superior rectus muscle, 7.3 mm. 
Because the clinical and echographic examina- 
tions showed strong evidence of a low-flow, 
low-pressure, carotid-cavernous sinus fistula 
and also the patient's fragile medical condition 
and history of contrast dye allergy, further 
testing was deferred. Over the next eight 
months, the symptoms and signs resolved 
spontaneously. 


Case 4 

An 85-year-old woman developed horizontal 
diplopia in November 1989, followed one 
month later by dilated episcleral veins in both 
eyes, and chemosis. Initially, visual acuity was 





Vol. 111, No. 1 


Carotid-Cavernous Sinus Fistulas 81 


aace 


20/60 in both eyes. Intraocular pressure was 
R.E.: 32 mm Hg and L.E.: 31 mm Hg. There 
was conjunctival swelling and bilateral sixth 
nerve palsy. A magnetic resonance imaging 
scan showed a small, right subdural hematoma. 

Serial ophthalmologic examinations showed 
persistent increase and asymmetry of intraocu- 
lar pressure and presumed sixth nerve palsy. 
After tortuous, enlarged episcleral vessels be- 
came evident, the diagnosis of a dural arterio- 
venous venous malformation was made. Three 
years previously, the patient had had two myo- 
cardial infarctions three months apart, and one 
year later she had a minor stroke. The patient 
also had diabetes mellitus and hypertension. 

On examination, visual acuity was R.E.: 20/ 
50 +2 and L.E.: 20/60 +2. Pupils and visual 
fields were normal. The sclera of each eye had 
dilated tortuous episcleral veins, but there was 
no chemosis or bruits heard over the orbits or 
cranial vault. There was mild bilateral abduc- 
tion weakness, and results of forced duction 
testing were negative. The fundus examination 
of each eye disclosed overfilling of the retinal 
veins. Intraocular pressure was 18 mm Hg in 
each eye. 

B-scan ultrasonography of the left eye dem- 
onstrated mild enlargement of the superior 
ophthalmic and medial collateral veins. A-scan 
ultrasonography disclosed anterior optic nerve 
measurements of R.E.: 3.1 mm and L.E.: 3.0 
mm, and posterior optic nerve measurements of 
R.E.: 3.1 mm and L.E.: 3.0 mm. Measurements 
of extraocular muscles were the following: right 
medial rectus muscle, 4.4 mm; left medial rec- 
tus muscle, 4.3 mm; right lateral rectus muscle, 
3.2 mm; left lateral rectus muscle, 3.4 mm; right 
inferior rectus muscle, 2.9 mm; left inferior 
rectus muscle, 3.0 mm; right superior rectus 
muscle, 6.9 mm; and left superior rectus mus- 
cle, 7.0 mm. Ten weeks later, results of an 
ocular examination were considered normal. 





Discussion 





Knowledge of the anatomy of the branches of 
the cavernous internal carotid artery and their 
anastomoses with neighboring meningeal ar- 
teries is the key to an understanding of dural 
arteriovenous shunts occurring in the region of 
the cavernous sinus. The ascending internal 
carotid artery approaches the base of the skull 
and turns medially, forward, and finally superi- 
orly within the carotid canal to enter the dural 
envelope formed by the cavernous sinus. The 


intracavernous portion of the internal carotid 
artery gives rise to three smaller vessels: the 
meningohypophyseal artery, the artery of the 
inferior cavernous sinus, and the capsular ar- 
tery. Thin-walled, small-caliber secondary and 
tertiary branches of these vessels lie in the 
dural membranes that surround the cavernous 
sinus and supply the adjacent dura mater and 
cranial nerves. The meningohypophyseal 
trunk, for instance, branches into the tentorial 
artery (artery of Bernasconi-Cassonari), the in- 
ferior hypophyseal artery, and the dorsal me- 
ningeal artery to the clivus. All of these may 
anastomose within the dura mater of the clivus 
with ascending secondary and tertiary menin- 
geal branches of the external carotid and verte- 
bral arteries. 

All the dural branches of the cavernous inter- 
nal carotid artery initially pass through or be- 
tween the sinusoids that comprise the cavern- 
ous sinus. When one of these exceedingly 
small, thin-walled arteries ruptures, a low- 
flow, low-pressure, carotid-cavernous sinus fis- 
tula develops, which produces predictable 
compensatory changes in the orbital and cav- 
ernous sinus venous circulations. The surge of 
arterial blood into the surrounding venous 
plexus results in venous engorgement and ret- 
rograde blood flow, with dilation of the centrif- 
ugal and centripetal veins forming the cavern- 
ous sinus. Retrograde blood flow anteriorly, for 
instance, produces moderate to massive dila- 
tion of the superior and inferior ophthalmic 
veins, with venous stasis in the collateral 
branches of the superior ophthalmic vein drain- 
ing the globe, extraocular muscles, and the 
optic nerves. Venous stasis and hypertension 
account for the array of clinical findings in 
these patients, including prominent episcleral 
veins, proptosis, chemosis, increased intraocu- 
lar pressure, and vascular engorgement of the 
retinal veins, optic disks, extraocular muscles, 
and the optic nerve sheaths. Because of the rich 
interconnections between the right and left 
cavernous sinuses, these ocular findings may be 
seen bilateral, ipsilateral, or contralateral to the 
actual carotid-cavernous sinus fistula. 

Documentation of the anomalous intercon- 
nection between these small caliber vessels and 
the cavernous sinus fistulas has traditionally 
depended upon high-resolution computed to- 
mography, magnetic resonance imaging, or 
both, with complete and selective cerebral an- 
giography. Computed tomography and mag- 
netic resonance imaging capably depict the 
secondary changes of congestive ophthalmopa- 
thy, the proptosis, enlargement of the superior 
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ophthalmic vein, and engorgement of the extra- 
ocular muscles. Selective and superselective 
cerebral angiography displays the bulbous en- 
largement of the cavernous sinus and draining 
veins and dynamically images the anomalous 
interconnections between branches of the in- 
ternal carotid artery, the external carotid ar- 
tery, and the cavernous sinus. 

In recent years, standardized ophthalmic 
echography has been used to depict the size 
and shape of a number of orbital structures, 
including the orbital veins, extraocular mus- 
cles, and the optic nerves.’’ Standardized 
echography appeared to be an ideal diagnostic 
tool for these lesions, because it images or 
measures the size of the orbital structures af- 
fected by acute or subacute congestive ophthal- 
mopathy. The procedure itself is risk-free, con- 
venient, and relatively inexpensive, and it can 
be used safely in patients who are old, infirm, 
or have concomitant medical problems that 
increase the risks of detailed and prolonged 
selective cerebral angiography. 

Standardized ophthalmic echography pro- 
vides precise and quantitative data to explain 
the array of clinical phenomena that occur with 
low-flow, low-pressure, carotid-cavernous si- 
nus fistulas. For instance, A-mode echography 
can be used to measure the size of the extraocu- 
lar muscles precisely, numerically, and repeat- 
edly. This is particularly useful in patients with 
diplopia in whom forced duction testing gives 
equivocal results. By measuring the size of the 
extraocular muscles, the examiner can decide 
whether the ophthalmoplegia has a restrictive 
component, since orbital congestion engorges 
and enlarges the extraocular muscles. 

B-scan ultrasonography shows the engorge- 
ment of the ethmoidal, superior, and vertical 
ophthalmic veins better than computed tomog- 
raphy or magnetic resonance imaging. To ap- 
preciate this application of standardized oph- 
thalmic echography fully, certain anatomic 
features of the orbital venous system should be 
reviewed (Fig. 4). After traversing the superior 
orbital fissure, the superior ophthalmic vein 
courses diagonally from a posterolateral to an 
anteromedial position above the optic nerve. 
Midway in the orbit, between the optic nerve 
and the anterior portion of the medial rectus 
muscle, it anastomoses with the inferior oph- 
thalmic vein through the vertical or median 
collateral vein. The vertical vein can be identi- 
fied echographically, even in normal cases. 

To display the vertical vein echographically 
with the B probe, it is necessary to obtain a 





Fig. 4 (Spector). Major orbital veins, right eye. The 
connecting or vertical vein (arrowheads) connects 
the superior (open arrow) and the inferior (black 
arrow) ophthalmic veins. Note the anatomic position 
of the vertical vein between the medial rectus muscle 
(MR) and the optic nerve (QO). 


vertical transverse section of the medial rectus 
muscle tendon first. After the insertion of the 
tendon is identified, the probe is angled posteri- 
orly until the anterior portion of the optic nerve 
is seen. The vertical vein lies in the vertical 
echographic plane between the optic nerve and 
the medial rectus muscle. By tilting the top end 
of the probe posteriorly and the inferior end 
anteriorly, the vertical vein becomes visible as 
a thin, dark line. With engorgement of the 
vertical vein, as in a carotid-cavernous fistula, 
dilation of the vertical vein becomes echogra- 
phically obvious (Fig. 2, right). 

The actual size of the superior ophthalmic 
and medial collateral veins can be determined 
with the A probe (Fig. 1). First, the anterior 
medial rectus muscle is identified. As the probe 
and sound beam are angled posteriorly, a small, 
well-outlined depression becomes visible to the 
left of the medial rectus pattern (Fig. 1, top). 
Further posteriorly, the examiner may observe 
a volley of fast-moving, low-amplitude spikes 
within the envelope of the superior ophthalmic 
vein, representing the effects of rapidly flowing 
blood (Fig. 1, bottom). A- and B-scan ultrasono- 
graphy can be used together to image the angu- 
lar and the anterior ethmoidal veins, both of 
which may be engorged with carotid-cavernous 
sinus fistulas. These appear as multiple, small, 
echolucent areas with B scan and as low-to- 
medium reflective cavernous spaces behind the 
medial canthus with the A scan. 

Two patients (Cases 1 and 3) underwent com- 
puted tomography, which reportedly showed 
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enlargement of the superior ophthalmic vein 
only. No interpretation was offered regarding 
the size of the extraocular muscles or the optic 
nerves. Hence, ophthalmoparesis was mistak- 
enly attributed to cranial nerve dysfunction 
when the clinical and echographic findings 
clearly indicated a restrictive ophthalmopathy. 

Standardized echography determined wheth- 
er the optic disk edema in these patients was 
caused by apical compression of the optic nerve 
by enlarged extraocular muscles (Cases 1 and 3) 
or by retinal venous engorgement (Case 2). The 
30-degree test was used for this purpose. It is 
performed by measuring the size of the optic 
nerve echogram with the eye in primary posi- 
tion and after abduction of the ipsilateral globe 
30 degrees. If the size of the optic nerve echo- 
gram decreases by more than 10% after 30 
degrees of abduction, the optic nerve enlarge- 
ment can be attributed to distention of the 
subarachnoid space by cerebrospinal fluid. This 
occurs with papilledema from increased intra- 
cranial pressure and partial apical compression 
of the optic nerve from a mass lesion or en- 
larged extraocular muscle. Moving the globe 
into eccentric horizontal gaze presumably 
squeezes the spinal fluid out of the subarach- 
noid space by tethering the vaginal sheaths. 
Two patients (Cases 1 and 3) had a positive 
30-degree test, proving there was pooling of 
subarachnoid fluid anteriorly, secondary to 
partial compression of the apical optic nerve 
sheath. The patient described in Case 2 had 
clinical signs of a plethoric optic disk ipsilateral 
to the carotid-cavernous sinus fistula, but the 
30-degree test showed that the size of the echo- 
gram did not change appreciably after eccentric 
gaze. The optic nerve swelling could be attrib- 
uted to venous engorgement of the optic nerve 
sheath rather than apical nerve compression, a 
conclusion supported by the observation that 
the diplopia did not result from ocular muscle 
engorgement but from sixth nerve dysfunction. 
Enlargement of the optic nerve sheath associat- 
ed with venous obstructive retinopathy has 
been reported.” 

Considering the relatively optimistic progno- 
sis of low-pressure, low-flow dural arteriove- 
nous malformations, the initial approach to 
confirming the diagnosis should be deliberate. 
The present study clearly emphasizes the tech- 
nical advantages of standardized ophthalmic 
echography as well as the convenience, sav- 
ings, and safety of performing this study in an 
outpatient setting. Unless the conditions war- 


rant therapeutic intervention, standardized 
ophthalmic echography can be used alone to 
confirm the diagnosis of a dural carotid-cavern- 
ous sinus fistula. 
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Receptors for low-density lipoprotein are 
necessary for high-affinity uptake of lipid and 
protein essential to cell structure and func- 
tion. Distinct receptors for acetoacetylated 
low-density lipoprotein internalize oxidized 
or enzymatically modified low-density lipo- 
protein and extracellular matrix components. 
We identified low-density lipoprotein recep- 
tors on cultured human and monkey corneal 
endothelial cells by the avid incorporation of 
fluorescently labeled low-density lipoprotein 
that was competitively inhibited by excess 
unlabeled low-density lipoprotein but not by 
unlabeled acetoacetylated low-density lipo- 
protein. Specific uptake of labeled low-den- 
sity lipoprotein was greatest in nonconfluent, 
growing cells and increased after low-density 
lipoprotein deprivation. Intact endothelial 
monolayers of whole human corneas also in- 
corporated low-density lipoprotein but not 
acetoacetylated low-density lipoprotein. Af- 
ter scratch injury of human corneas, spreading 
endothelium adjacent to areas of cell loss 
internalized more fluorescent low-density 
lipoprotein than cells distant from the injury. 
Blood-aqueous barrier breakdown occurring 
in ocular diseases and after surgical and non- 
surgical trauma may allow leakage of circulat- 
ing low-density lipoprotein, which provides a 
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rich supply of lipid and protein for endotheli- 
al use. Efficient, receptor-mediated, low-den- 
sity lipoprotein uptake may facilitate repair 
of damaged corneal endothelial membranes 
and regeneration of intact, functional cell 
monolayers. 


The ENDOTHELIAL MONOLAYER on the posterior 
corneal surface is essential to corneal homeo- 
stasis. Mature corneal endothelial cells, espe- 
cially those in primates, have limited potential 
for replication.” After injury, the primate cor- 
neal endothelial monolayer is repaired primari- 
ly through migration and enlargement of the 
remaining endothelial cells.’’ Aging and a vari- 
ety of pathologic conditions reduce the total 
numbers of endothelial cells on human corne- 
as.‘ Similar to that of other cell types, the ability 
of compromised corneal endothelial cells to 
maintain their integrity may rely on efficient 
incorporation of protein and lipid through 
high-affinity receptors. 

In tissue, low-density lipoprotein receptors 
bind the protein constituents of low-density 
lipoprotein, namely apolipoproteins B and E, to 
mediate the endocytosis of cholesterol-rich 
low-density lipoprotein.’ Once internalized, 
low-density lipoprotein is hydrolyzed to pro- 
duce amino acids, fatty acids, and free choles- 
terol for cellular use. Many cells express only 
small numbers of low-density lipoprotein re- 
ceptors in resting states but are able to augment 
these cell surface receptors with cell growth 
and increases in cellular cholesterol require- 
ments.®” Receptor-mediated, low-density lipo- 
protein uptake is required for optimal growth of 
cultured cells,’ presumably by providing a fresh 
supply of cholesterol for the synthesis of cell 
membranes.” 

Distinct receptors for modified low-density 
lipoprotein, also known as scavenger receptors, 
bind low-density lipoprotein molecules chemi- 
cally modified at lysine residues by acetoacety- 
lation,” acetylation," or by conjugation with 
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malondialdehyde.” Similar modifications of 
low-density lipoprotein may result from the 
action of enzymes, such as neutrophil-derived 
elastase,” or from peroxidation.” Scavenger re- 
ceptors are different from those for low-density 
lipoprotein and are present on macrophages,” 
vascular endothelial cells,” and retinal pigment 
epithelial cells (Victor M. Elner, M.D., unpub- 
lished data). These receptors may also interna- 
lize modified serum albumin” and extracellular 
matrix components,” leading to the degrada- 
tion of damaged proteins. 

We incubated whole human corneas and cul- 
tured human and monkey corneal endothelial 
cells with low-density lipoprotein and acetoac- 
etylated low-density lipoprotein labeled with a 
red, fluorescent dye. Our aim was to determine 
whether corneal endothelial cells possess low- 
density lipoprotein and acetoacetylated low- 
density lipoprotein receptors and to determine 
whether low-density lipoprotein receptor activ- 
ity increases with cell growth and repair after 
corneal endothelial injury. 





Material and Methods 





Human corneal endothelium-Descemet’s 
membrane explants were excised from donor 
eyes of a 2-year-old that were obtained within 
24 hours of death from the Illinois Eye Bank. 
Explants were cultured in Falcon Primaria 
flasks (Falcon Laboratories, Becton-Dickinson 
& Company, Lincoln Park, New Jersey) in 10% 
fetal bovine serum and 5% calf serum (Hazle- 
ton Dutchland Incorporated, Lenexa, Kansas) 
as previously described.” Third-passage corne- 
al endothelial cells exhibiting typical polygonal 
morphologic characteristics were grown to con- 
fluence and passaged by standard methods." 
Human donor corneas of good quality but un- 
suitable for transplantation were obtained from 
the Michigan Eye Bank and Transplantation 
Center and maintained in Dexsol (Chiron Oph- 
thalmics, Irvine, California). Third-passage 
rhesus monkey corneal endothelial cells were 
isolated and passaged by established meth- 
ods.” Third-passage rabbit smooth muscle cells 
grown from aortic explants and freshly pre- 
pared rabbit alveolar macrophages were used 
in control assays. The smooth muscle cells were 
cultured in Dulbecco’s Modified Essential Me- 
dium containing 10% fetal bovine serum. 

Four to five days before experimental incuba- 
tions, corneal endothelial and smooth muscle 
cells were plated into glass slide chambers. 


Rabbit alveolar macrophages, isolated by pul- 
monary lavage with lactated Ringer’s solution, 
were seeded into the slide chambers two to six 
hours before experimental incubations and 
maintained in Dulbecco’s Modified Essential 
Medium containing 15% fetal bovine serum. 

Human and monkey low-density lipoprotein 
was isolated, acetoacetylated, and labeled as 
previously described.” Low-density lipopro- 
tein and lipoprotein-deficient serum were ob- 
tained by sequential density gradient ultracen- 
trifugation from normal plasma. The red, 
fluorescent dye, 3,3’-dioctadecylindocarbo- 
cyanine, was used to label the isolated low- 
density lipoprotein by the method of Pitas and 
associates.” The fluorescently labeled low-den- 
sity lipoprotein was reisolated by centrifuga- 
tion and dialyzed against 0.9% sodium chloride 
containing 0.01% ethylenediaminetetraacetic 
acid, pH 7.0, to obtain purified fluorescent 
low-density lipoprotein or against 0.1 mol/l of 
borate buffer, pH 8.4, to obtain labeled low- 
density lipoprotein for acetoacetylation. After 
acetoacetylation, the fluorescent, modified low- 
density lipoprotein was purified by dialysis into 
0.02 mol/l of carbonate/bicarbonate buffer, pH 
9.4. Complete acetoacetylation was confirmed 
by agarose gel electrophoresis and subsequent 
fat red 7B staining of the purified native and 
acetoacetylated low-density lipoprotein. 

The cellular uptake of fluorescent low-den- 
sity lipoprotein and acetoacetylated low-den- 
sity lipoprotein was examined by the method of 
Pitas and associates.” To examine increased 
low-density lipoprotein receptor expression af- 
ter low-density lipoprotein deprivation, some 
cultures were maintained in Dulbecco’s Modi- 
fied Essential Medium containing 10% lipopro- 
tein-deficient serum for 24 to 48 hours before 
experimental incubations. Immediately before 
experimental incubations, all cultures were 
rinsed in Dulbecco’s Modified Essential Medi- 
um containing 10% lipoprotein-deficient ser- 
um. The corneal endothelial cell, smooth mus- 
cle cell, and macrophage cultures were then 
incubated in Dulbecco’s Modified Essential Me- 
dium containing 10% lipoprotein-deficient ser- 
um and 15 pg/ml of either labeled low-density 
lipoprotein or acetoacetylated low-density lip- 
oprotein. In some preparations, fucoidin (30 
pg/ml), a competitive inhibitor of acetoacety- 
lated low-density lipoprotein binding and 
uptake,” nonfluorescent acetoacetylated low- 
density lipoprotein (150 ug/ml), or unlabeled 
low-density lipoprotein (150 pg/ml) was added 
to cell cultures 15 minutes before and during 
fluorescent low-density lipoprotein and aceto- 
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acetylated low-density lipoprotein incubations. 
After two-hour incubations at either 4 or 37 C, 
the cells were rinsed with phosphate-buffered 
saline containing 2 mg/ml of bovine serum 
albumin, fixed for 20 minutes in 4% parafor- 
maldehyde, and mounted in buffered glycerol. 
Incubations were performed in triplicate, and 
all experiments were repeated at least three 
times. A minimum of 200 cells were counted in 
each preparation, and the percentage of fluo- 
rescently labeled cells reported is the average 
value rounded to the nearest 5%. 

Identical incubations with fluorescent low- 
density lipoprotein and acetoacetylated low- 
density lipoprotein with and without competi- 
tive inhibitors were performed in duplicate on 
whole human corneas. To study the effect of 
injury on receptor-mediated low-density lipo- 
protein uptake, 2.0-mm linear endothelial 
defects were created across the diameters of 
several additional corneas with 18-gauge 
hypodermic needles 24 hours before lipopro- 
tein incubations. After fixation in 4% parafor- 
maldehyde for 24 hours, 6-~m frozen sections 
were cut and mounted in buffered glycerol. The 
endothelial layer lining the entire posterior 
surface of each corneal section was examined 
for fluorescence. 





Results 





Virtually 100% of cultured human and mon- 
key corneal endothelial cells exposed to labeled 
low-density lipoprotein became brightly fluo- 
rescent after preincubation in lipoprotein-de- 
ficient media (Figs. 1 and 2). The red fluorescent 
low-density lipoprotein was distributed in a 
punctate pattern on the cell surface and 
throughout the cytoplasm with increased 
concentration in the perinuclear region. Com- 
petitive inhibition by unlabeled low-density 
lipoprotein markedly reduced fluorescent low- 
density lipoprotein binding and uptake (Fig. 1). 
Competition with unlabeled acetoacetylated 
low-density lipoprotein or fucoidin did not re- 
duce the intensity of corneal endothelial fluo- 
rescence upon exposure to labeled low-density 
lipoprotein. Fluorescent low-density lipopro- 
tein uptake by all of the corneal endothelial 
cells preincubated in 10% fetal bovine serum 
resulted in weaker labeling than that obtained 
in cells maintained in lipoprotein-deficient 
media. 

Nonconfluent areas of the corneal endotheli- 
al cultures displayed greater uptake of fluores- 
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cent low-density lipoprotein than confluent re- 
gions containing polygonal arrays of cells (Figs. 
1 and 2). This was particularly evident at the 
growing edge of the cultures where endothelial 
cells, frequently possessing pseudopods, exhib- 
ited intense fluorescence caused by avid incor- 
poration of labeled low-density lipoprotein. 
When incubated with labeled acetoacetylated 
low-density lipoprotein, fewer than 25% of the 
cultured corneal endothelial cells showed mini- 
mal fluorescence, which was only partially re- 
duced by excess unlabeled acetoacetylated, but 
not native, low-density lipoprotein (Fig. 1). 

Fluorescent low-density lipoprotein uptake 
by corneal endothelial cells in sections of 
whole human corneas paralleled that seen with 
cultured cells (Fig. 3). Virtually all of the cells 
of intact corneal endothelial monolayers inter- 
nalized fluorescent low-density lipoprotein but 
only minimal amounts, if any, of acetoacety- 
lated low-density lipoprotein (Fig. 3). Acetoac- 
etylated low-density lipoprotein uptake was 
clearly visible, however, in perilimbal vascular 
endothelial cells of the same whole corneas. 
Competition with unlabeled low-density lipo- 
protein, but not acetoacetylated low-density 
lipoprotein, effectively inhibited labeled low- 
density lipoprotein uptake. 

Central endothelial defects were still visible 
in sections of whole human corneas exposed to 
lipoproteins 24 hours after scratch injury to 
their endothelial surfaces (Fig. 3). Incubation 
with fluorescent low-density lipoprotein after 
scratch injury resulted in highly intense label- 
ing of the spreading endothelial cells immedi- 
ately adjacent to the areas of cell loss (Fig. 3). 
The uptake of low-density lipoprotein was es- 
pecially intense within 0.5 mm of the central 
endothelial defects. Progressive reduction in 
endothelial fluorescence was observed at great- 
er distances. Endothelial cells greater than 1.0 
mm from the site of injury exhibited lipoprotein 
uptake similar to that seen in uninjured mono- 
layers (Fig. 3). Scratch injury did not increase 
the fluorescent acetoacetylated low-density lip- 
oprotein labeling of endothelial cells from the 
minimal amount seen in intact monolayers. 

Control preparations of cultured rabbit alve- 
olar macrophages and smooth muscle cells con- 
firmed the specificity of the low-density lipo- 
protein incorporation by corneal endothelial 
cells.” More than 90% of alveolar macrophages 
exposed to labeled acetoacetylated low-density 
lipoprotein were brightly fluorescent. Fucoidin 
and unlabeled acetoacetylated low-density lip- 
oprotein, but not unlabeled low-density lipo- 
protein, reduced the number of fluorescent 
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Fig. 1 (Elner and associates). Top left, Noncon- 
fluent cultured human corneal endothelial cells after 
exposure to fluorescently labeled low-density lipo- 
protein (15 pg/ml). All of the cells show delicate 
surface staining (arrows) and bright cytoplasmic flu- 
orescence, which is accentuated in the perinuclear 
regions (curved arrow) (X 200). Top right, All of the 
nonconfluent cells are substantially less fluorescent 
after competitive inhibition by excess unlabeled low- 
density lipoprotein (150 pg/ml) (x 200). Middle left, 
Confluent, polygonal cells (arrow) show less avid 
incorporation of fluorescent low-density lipoprotein 
than cells actively proliferating in nonconfluent re- 
gions and at the growing edges of the cultures (X 
200). Middle right and bottom left, Nonconfluent 
cultured human corneal endothelial cells after expo- 
sure to fluorescently labeled acetoacetylated low- 
density lipoprotein (15 pg/ml). Fewer than 25% of 
the cells show minimal fluorescence (middle right) 
(x 200), which is only partially reduced by excess 
unlabeled acetoacetylated low-density lipoprotein 
(150 pg/ml) (bottom left) (x 200). Cells not incorpo- 
rating acetoacetylated low-density lipoprotein are 
not visible in the fluorescent photomicrographs. Lip- 
oprotein incubations were performed simultaneous- 
ly. All photomicrographs were taken using the same 
exposure. 
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Fig. 2 (Elner and associates). Left, Confluent, polygonal, cultured monkey corneal endothelial cells show 
punctate surface fluorescence and chiefly perinuclear cytoplasmic fluorescent low-density lipoprotein (x 200). 
Right, Nonconfluent cells at the growing edge of the same culture show similar, but much more avid, low-density 
lipoprotein surface binding and cytoplasmic incorporation (X 200). 


macrophages to less than 15%. These macro- 
phages were also less fluorescent than macro- 
phages incubated in the absence of inhibitors. 
Exposure to fluorescent low-density lipopro- 
tein resulted in weak labeling of 10% to 40% of 
macrophages, which was virtually abolished by 
excess unlabeled low-density lipoprotein. 

Almost 100% of smooth muscle cells preincu- 
bated in lipoprotein-deficient media exhibited 
bright fluorescence when exposed to labeled 
low-density lipoprotein. The addition of unla- 
beled low-density lipoprotein, but not fucoidin 
or acetoacetylated low-density lipoprotein, 
markedly reduced the intensity of fluorescent 
cells. Preincubation in 10% fetal bovine serum 
resulted in fluorescent low-density lipoprotein 
labeling of only 75% of smooth muscle cells, 
which were also less fluorescent than those 
maintained in lipoprotein-deficient media. 
Fewer than 10% of smooth muscle cells exhibit- 
ed any fluorescence with labeled acetoacety- 
lated low-density lipoprotein. 


Discussion 


Our results show that corneal endothelium 
expresses receptors that mediate specific uptake 
of low-density lipoprotein. In contrast to vascu- 
lar endothelium, which possesses large num- 
bers of acetoacetylated low-density lipoprotein 
receptors, corneal endothelial cells internalize 
acetoacetylated low-density lipoprotein much 
less efficiently, which indicates limited, if any, 
scavenger receptor activity. The increases in 


low-density lipoprotein receptor activity that 
we observed in corneal endothelial cells after 
lipoprotein deprivation suggest that low-den- 
sity lipoprotein receptors are regulated by cel- 
lular cholesterol stores through feedback mech- 
anisms similar to those described for other cell 
types." 

Low-density lipoprotein binding has been 
reported in sparse and nonconfluent cultures of 
bovine corneal endothelial cells but not in con- 
fluent cultures.” Our results, however, demon- 
strate that intact human endothelial monolay- 
ers of whole corneas and confluent regions in 
human and monkey corneal endothelial cul- 
tures bind and internalize significant amounts 
of low-density lipoprotein. Nonconfluent areas 
of our primate corneal endothelial cell cultures, 
particularly cells at the growing margins, did 
show significantly more low-density lipopro- 
tein incorporation than confluent regions in the 
same cultures composed of abutting, polygonal 
cells. Our results corroborate the reductions of 
low-density lipoprotein receptor activity ob- 
served in vascular endothelial cell and fibro- 
blast cultures at high cell density or conflu- 
ence.” These variations in low-density 
lipoprotein receptor expression appear to be 
regulated by the increased cholesterol require- 
ments of proliferating cells and reduced re- 
quirements of confluent cells in which cell 
division is contact-inhibited.” 

Moreover, in our model of endothelial injury 
on whole human corneas, we found cells sur- 
rounding areas of cell loss to increase their 
low-density lipoprotein uptake markedly. This 
observation is probably caused by increased 
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Fig. 3 (Elner and associates). Top left, Fluorescent low-density lipoprotein uptake by intact corneal endothelial 
cell monolayer of whole human cornea. Virtually all of the cells have internalized fluorescent low-density 
lipoprotein (15 pg/ml) (x 200). Top right, Competition with unlabeled low-density lipoprotein effectively 
inhibited labeled low-density lipoprotein uptake. Minimal, if any, acetoacetylated low-density lipoprotein (15 
pg/ml) uptake by corneal endothelium is seen in this overexposed photomicrograph (x 200). Bottom left, 
Incubation with fluorescent low-density lipoprotein (15 pg/ml) 24 hours after scratch injury to the endothelial 
surface of whole human cornea. Intense fluorescence is seen in the spreading endothelial cells immediately 
adjacent to the area of cell loss (arrows), which is entirely nonfluorescent (X 200). Bottom right, Cells distant 
from areas of injury in the same cornea exhibited levels of fluorescence similar to those seen in uninjured 


monolayers (X 200). 


numbers of low-density lipoprotein receptors 
present on growing or compromised cells.*' In 
ocular diseases or injury causing breakdown of 
the blood-aqueous barrier, lipid and protein 
provided by low-density lipoprotein may be 
important to repair corneal endothelial mem- 
branes and supply components necessary for 
increased membrane production required by 
spreading cells reconstituting the endothelial 
monolayer. 

Low-density lipoprotein receptor expression 
can also be influenced by growth-dependent 
and growth-independent effects of serum com- 
ponents, which may enter the eye with break- 
down of the blood-aqueous barrier. For exam- 


ple, platelet-derived growth factor may directly 
enhance low-density lipoprotein receptor ac- 
tivity of quiescent cells*"* or amplify low-den- 
sity lipoprotein receptor activity by causing 
increased cellular proliferation and prolifera- 
tion-associated increases in low-density lipo- 
protein receptor production.” Low-density lip- 
oprotein receptor activity is also modulated by 
heparin-binding growth factor—1 and various 
serum factors.’ Although limited in their 
ability to proliferate after injury, human corne- 
al endothelial cells may be induced to replicate 
by mesodermal growth factor” and other serum 
factors,” whose effects on corneal endothelial 
low-density lipoprotein receptor expression are 
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unknown. It is possible that these proliferation- 
enhancing factors may act in part by effects on 
low-density lipoprotein receptor activity. Al- 
ternatively, factors stimulating low-density lip- 
oprotein receptor expression may promote the 
effects of agents enhancing corneal endothelial 
proliferation.” Low-density lipoprotein recep- 
tor activity is suppressed by prostaglandin E,” 
and augmented by beta-adrenergic antago- 
nists,” two agents of possible clinical impor- 
tance with respect to ocular inflammation and 
drug therapy, respectively. 

The leakage of circulating low-density lipo- 
protein caused by blood-aqueous barrier break- 
down in a variety of ocular diseases and after 
surgical and nonsurgical trauma may provide a 
rich source of lipid and protein that may be 
efficiently incorporated by corneal endothelial 
cells for essential reparative functions. The rap- 
id uptake of low-density lipoprotein may facili- 
tate the repair of corneal endothelial mem- 
branes and the production of increased cell 
membrane required by cells spreading to regen- 
erate an intact, functional monolayer damaged 
by inflammation, infection, or trauma. Our 
findings also illuminate basic mechanisms un- 
derlying the repair of human corneal endotheli- 
al cell membranes and metabolic requirements 
for endothelial proliferation. The identification 
of these specific receptor-mediated mecha- 
nisms in human corneal endothelium provides 
new information for the development of inter- 
ventions aimed at enhancing corneal endotheli- 
al cell survival in ocular disease and after intra- 
ocular surgery. 
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OPHTHALMIC MINIATURE 
Chee stopped, eyes on Pinto. The man sat as still as death, waiting. His 
skin was drawn tight over the skull bones, seeming almost transparent in its 
thinness. The desiccation made his eyes seem protuberant, larger than they 
were. They were black eyes, but the cornea of one was clouded by a film of 


cataract. 


Tony Hillerman, Coyote Waits 
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Epidemiologic Characteristics, Predisposing Factors, and 


Etiologic Diagnosis of Corneal Ulceration in Nepal 


Madan P. Upadhyay, M.D., Purna C. D. Karmacharya, M.D., Shasank Koirala, M.D., 
Nhuchhe R. Tuladhar, B.S., Larry E. Bryan, M.D., Gilbert Smolin, M.D., 
and John P. Whitcher, M.D. 


Corneal ulceration is one of the most fre- 
quent causes of blindness in developing coun- 
tries. Between September 1985 and August 
1987, 405 patients with corneal ulceration 
were examined at Tribhuvan University 
Teaching Hospital in Kathmandu, Nepal. 
Males and females were equally affected. The 
most common predisposing cause of ulcera- 
tion was corneal trauma, usually with organic 
agricultural materials. Microorganisms were 
grown from 324 (80%) of the ulcers. Pure bac- 
terial cultures were obtained from 256 (63.2%) 
of the patients, whereas pure fungal cultures 
were obtained from 27 (6.7%) of the patients. 
In 41 patients (10.1%), corneal cultures yielded 
a mixed growth of bacteria and fungi. Of a 
total of 398 bacterial isolates, 124 (31.1%) were 
positive for Streptococcus pneumoniae, the 
most commonly isolated organism in the se- 
ries. Other frequently isolated bacteria in- 
cluded Staphylococcus epidermidis, S. aureus, 
and Pseudomonas species. Of 68 pesitive fun- 
gal isolates obtained, 32 (47.0%) were identi- 
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fied as Aspergillus species. Candida species 
and Fusarium species were less commonly 
seen. 


In THE DEVELOPING countries of the world, 
corneal ulceration is a major cause of blindness. 
This situation is especially true in areas where 
trachoma, onchocerciasis, leprosy, and other 
infectious causes of ocular disease are endemic. 
As a result, corneal opacification is second only 
to cataract as the most important cause of visual 
disability in the world today.’ Studies from 
several developing countries have reported the 
incidence of bacterial and fungal pathogens 
isolated from ulcerated corneas.*® Comprehen- 
sive epidemiologic surveys investigating the 
predisposing and demographic factors contrib- 
uting to corneal ulceration, however, are rare."” 
Since the epidemiologic pattern of corneal ul- 
ceration varies significantly from region to re- 
gion, an understanding of the epidemiologic 
pattern in different parts of the world is essen- 
tial for the development of a global strategy for 
prevention of blindness caused by corneal ul- 
ceration. 

Nepal is a landlocked country occupying the 
southern slopes of the Himalayas. The nation- 
wide blindness prevalence rate is 0.84%. Witha 
population of approximately 18 million, Nepal 
has the same number (100,857) of noninstitu- 
tionalized blind people as the United States 
(101,000).* Cataract is the most common cause 
of visual loss in Nepal, accounting for more 
than 80% of all avoidable blindness. Corneal 
trauma and ulceration are the second leading 
cause of unilateral blindness in Nepal after 
cataract and are responsible for 7.9% of all 
blind eyes.’ We attempted to evaluate the epide- 
miologic factors contributing to corneal ulcera- 
tion in Nepal and to identify the specific bacter- 
ial and fungal pathogens responsible for 
microbial keratitis. 
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Patients and Methods 


Patients with central corneal ulcers were all 
examined at the Department of Ophthalmolo- 
gy, Tribhuvan University Teaching Hospital in 
Kathmandu, Nepal. Between September 1985 
and August 1987, we examined 405 patients 
with microbial keratitis. Typical viral ulcers and 
healing corneal ulcers were excluded. Socio- 
demographic information and personal data on 
all patients with corneal ulceration were col- 
lected on a standardized form. The date of 
onset of the illness, the time elapsed before 
seeking medical attention, a brief narrative his- 
tory of the illness, predisposing ocular condi- 
tions, previous treatment, and associated risk 
factors, such as malnutrition, poor hygiene, or 
concurrent systemic diseases, were document- 
ed. 

Each patient was examined with the biomic- 
roscope by an ophthalmologist, and a clinical 
diagnosis was made. Corneal ulceration was 
defined as loss of the corneal epithelium with 
clinical evidence of infection with or without 
hypopyon. Associated clinical findings, such as 
blepharitis, conjunctivitis, trichiasis, and cor- 
neal exposure, were noted. The patients were 
also examined for other diseases, such as lepro- 
sy or trachoma, which would predispose them 
to corneal ulceration. 

After detailed examination of the affected 
eye, the corneal ulcer was scraped under asep- 
tic conditions with a flame-sterilized Kimura 
spatula. Scrapings were performed by the oph- 
thalmologist with the biomicroscope without 
instillation of an anesthetic preparation." 
Twenty-nine children required ketamine hy- 
drochloride as a general anesthetic for corneal 
scraping. 

Material from scrapings was inoculated di- 
rectly onto blood, chocolate, and Sabouraud 
dextrose agars, and into brain heart infusion 
broth both with and without 50 mg/ml of 
gentamicin sulfate. Cultures were collected and 
incubated aerobically according to standard 
protocols.’ Material was also inoculated on 
blood agar and incubated anaerobically in the 
Baltimore Biological Laboratory gas-pack sys- 
tem. A portion of the material collected with 
the Kimura platinum spatula was smeared on 
four glass slides and stained with Gram stain, 
Giemsa stain, and Gomori methenamine-silver 
stain. The fourth slide was held in reserve. In 
305 cases, samples were also inoculated onto 


nonnutrient agar overlaid with Escherichia coli 
in an attempt to isolate Acanthamoeba species. 

Aerobic bacterial cultures were examined at 
24 hours and daily thereafter. Cultures were 
recorded as negative if there was no growth 
after 96 hours. Anaerobic bacterial cultures in 
the Baltimore Biological Laboratory anaerobic 
gas-pack system were examined after 48 hours. 
In the last consecutive 305 cases, samples were 
also inoculated into Ogawa medium (Eiken Co., 
Japan) for mycobacteria and were incubated for 
up to eight weeks. Fungal cultures were incu- 
bated in Sabouraud dextrose agar at 27 C for 
four weeks and were examined daily for a week 
and on alternate days for the remaining three 
weeks. Brain heart infusion broth cultures with 
gentamicin sulfate were incubated in a shaking 
water bath at 110 oscillations per minute at 27 
C and examined daily for three days. Brain 
heart infusion broth showing no growth after 
three days was considered negative. Samples 
inoculated in nonnutrient agar overlaid with E. 
coli were examined daily for four days for signs 
of Acanthamoeba species. 

A culture from a patient was considered posi- 
tive if one of the three following conditions was 
met: the same organism was present on more 
than one culture medium; there was semicon- 
fluent growth at the site of the inoculation on 
one solid medium; or there was heavy growth 
within a single liquid medium confirmed by a 
positive-stained corneal smear. 

Bacteria were identified on the basis of their 
morphologic characteristics, staining charac- 
teristics, and biochemical properties. Filamen- 
tous fungi were identified by their colony char- 
acteristics and microscopic appearance in 
lactophenol cotton blue preparation. Nonfila- 
mentous fungi were identified by their colony 
characteristics, microscopic appearance, germ 
tube test, and biochemical properties. 


Results 


Of the 405 patients, 208 were males and 197 
were females. Ulceration occurred most fre- 
quently in patients 41 to 50 years of age and 
was rare in the extremely young or the extreme- 
ly old (Figure). In general, ulceration was even- 
ly distributed between males and females in all 
age groups, except in the 11- to 20-year-olds 
and in the 61- to 70-year-olds, in whom twice 
as many males as females had ulcers. 
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Of the 405 patients, 201 (49.6%) were em- 
ployed as farmers at the time of the study. The 
remaining patients’ occupations reflect the eco- 
nomic pattern of employment in the Kathman- 
du Valley and surrounding areas. Homemakers 
were next most frequently seen (91 patients, 
22.5%), followed by students (40 patients, 
9.9%), office workers (28 patients, 6.9%), chil- 
dren 6 years of age and younger (20 patients, 
4.9%), and laborers (14 patients, 3.5%). 

Patients were also questioned about the dura- 
tion of their symptoms. A total of 177 (43.7%) 
patients were examined within the first seven 
days after the onset of the illness (Table 1). Of 
these patients who were examined early, 110 
(80.5%) were from within Kathmandu Valley. 
Most of the patients with corneal ulceration, 
228 (56.3%), came for examination later than 
one week after onset of their symptoms, and 73 
patients (18.1%) were not examined until a 
month or more had elapsed from the onset of 
their first ocular symptoms. 

Many of the patients had sought medical and 
nonmedical help before initial examination at 
the Ophthalmology Clinic, Tribhuvan Universi- 
ty Teaching Hospital. Of 405 patients, 273 
(67.4%) had some form of consultation before 
examination and corneal scrapings were per- 
formed. A total of 192 patients (47.4%) had 
previously been examined and partially treated 
by health care workers, paramedics, physicians, 
or ophthalmologists. Another 81 patients 
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Figure (Upadhyay and associ- 
ates). Age and sex distribution of 
patients with corneal ulceration in 
Nepal. 
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(20.0%) were treated by traditional healers. 
The remaining 132 patients (32.6%) had not 
received any treatment before examination at 
the Ophthalmology Clinic. 

Factors predisposing to corneal ulceration 
were reported in 346 of 405 patients (85.4%). 
The most common local factor reported was 
trauma to the cornea in 214 patients (52.8%). 
The agents responsible for trauma were mainly 
organic materials to which farmers are exposed, 
including rice paddy stalks, dust, grass, wood, 
and animal products. None of the patients wore 
contact lenses. 

Other predisposing conditions included eye- 


TABLE 1 
DURATION OF ILLNESS BEFORE EVALUATION AT 
TRIBHUVAN UNIVERSITY TEACHING HOSPITAL EYE 


CLINIC 
OUTSIDE OF WITHIN 
DURATION KATHMANDU KATHMANDU TOTAL 
OF VALLEY VALLEY UNKNOWN (%) 
ILLNESS (N = 214) (N = 185) (N = 6) (N = 405) 
1-7 days 64 110 3 177 (43.7) 
8-14 days 45 34 2 81 (20.0) 
15-29 days 47 22 — 69 (17.0) 
1-2 months 28 15 — 43 (10.6) 
2-3 months 13 1 -= 14 (3.5) 
> 3 months 14 2 — 16 (4.0) 
Unspecified 3 1 1 5 (1.2) 
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TABLE 2 
MICROBIAL GROWTH PATTERN IN 405 CONSECUTIVE 
CORNEAL ULCERS 





NO. OF 


GROWTH PATTERN CASES PERCENTAGE 


Pure bacterial growth 


Single species of bacteria 182 44.9 

Multiple species of bacteria* 74 18.3 
Pure fungal growth 

Single species of fungi 27 6.7 
Mixed microbial growtht 

Single species of bacteria with fungi 30 7.4 

Multiple species of bacteria with fungi 11 ET 

Cases with positive cultures 324 80.0 

Cases with negative cultures 81 20.0 





*161 bacterial species isolated. 
t55 bacterial species isolated. 


lid diseases such as blepharitis, trichiasis, en- 
tropion, or ectropion in 24 patients (6.0%), 
dacryocystitis in nine patients (2.2%), acute 
conjunctivitis in 58 patients (14.3%), and a 
variety of systemic diseases including xeroph- 
thalmia, tuberculosis, diabetes, measles, mal- 
nutrition, and poor general hygiene in 41 pa- 
tients (10.1%). These risk factors exclusive of 
corneal trauma were responsible for ulceration 
in 132 patients (32.6%). 

Microorganisms were grown from 324 
(80.0%) of the 405 corneal ulcers (Table 2). Of 
the 405 cultures, 256 (63.2%) exhibited pure 
bacterial growth, although 74 of the cultures 
grew multiple species of bacteria (a total of 161 
bacterial species were isolated). Pure fungal 
growth was present in 27 (6.7%) of all cases of 
corneal ulceration, and 41 cultures (10.1%) 


yielded a mixed growth of both bacteria and 
fungi (a total of 55 bacterial species were isolat- 
ed). Fungi were grown from a total of 68 corneal 
ulcers, of which two thirds also had positive 
bacterial cultures. Infections with multiple spe- 
cies of fungi were not encountered. 

Microbial growth was present in 172 of 223 
cases (77.1%) despite previous treatment with 
antibiotics, and in 38 of 43 patients (88.4%) 
who had been previously treated with herbal 
medicine (Table 3). Only 14 patients (3.4%) 
were found to have been treated with cortico- 
steroids alone or in combination with antibiot- 
ics before examination. Of these patients, 11 
cultures (78.6%) showed microbial growth. Of 
the 125 patients (30.9%) who received no treat- 
ment, 103 cultures (82.4%) showed microbial 
growth. 

Bacterial organisms isolated from corneal ul- 
cers consisted of 28 species from 18 genera 
(Table 4). Of the total of 398 bacterial isolates, 
299 (75.1%) were gram-positive and 99 (24.9%) 
were gram-negative. Streptococcus pneumoniae 
was the most commonly isolated bacterial or- 
ganism in the series, accounting for 124 
(31.1%) of all positive bacterial cultures. The 
next most common gram-positive organisms 
seen were Staphylococcus epidermidis (11.5%) 
and Staphylococcus aureus (10.8%). Streptococ- 
cus viridans also occurred frequently (5.2%) as 
well as Corynebacterium xerosis (11.9%). 

Pseudomonas species was the most frequently 
isolated gram-negative bacterium, accounting 
for 42 positive cultures (10.6%). This was fol- 
lowed by Acinetobacter calcoaceticus (4.0%), 
Moraxella species (2.0%), and Haemophilus in- 
fluenzae (1.8%). 

Propionibacterium acnes was the only anaero- 
bic bacterial organism isolated from the cornea, 
accounting for three cases. Acanthamoeba spe- 


TABLE 3 
CORRELATION OF MICROBIAL GROWTH WITH PREVIOUS TREATMENT 





BACTERIA FUNGI 
ISOLATED ISOLATED 
TREATMENT* (N = 256) (N = 27) 
Antibiotics alone 128 20 
Corticosteroids alone 1 0 
Antibiotics and corticosteroids 3 2 
Herbal medicine alone 34 1 
No treatment 90 4 


MIXED NONE TOTAL 
ISOLATED ISOLATED CASES 
(N = 41) (N = 81) (N = 405) (%) 
24 51 223 (55.1) 
2 0 3 (0.7) 
3 3 11 (2.7) 
3 5 43 (10.6) 
9 22 125 (30.9) 


AS E EE Se, 
*Patients were usually treated with topical antibiotics commonly available from local pharmacies. These included sodium 


sulfacetamide, chloromycetin, tetracycline, and gentamicin. 


96 AMERICAN JOURNAL OF OPHTHALMOLOGY 


January, 1991 





TABLE 4 
BACTERIAL ISOLATES FROM CORNEAL ULCERS IN NEPAL 





MIXED 
SINGLE SPECIES WITH OTHER MIXED 
BACTERIA ISOLATED BACTERIA WITH FUNGI TOTAL (°o) 
Gram-Positive Organisms Isolated 
Streptococcus pneumoniae 85 31 8 124 (31 1) 
Staphylococcus epidermidis 18 20 8 46 (11.5) 
S. aureus 16 19 8 43 (10.8) 
St. viridans 3 14 4 21 (5.2) 
Micrococcus tetragens 3 5 2 10 (2.5) 
St. pyogenes 1 — 1 2 (0.5) 
St. faecalis 1 -— —- 1 (0.3) 
Propionibacterium acnes — 1 2 3 (0.7) 
Listeria monocytogenes 1 -— -= 1 (0.3) 
Nocardia asteroides 1 — -— 1 (0.3) 
Corynebacterium xerosis 11 27 9 47 (11.9) 
Gram-Negative Organisms Isolated 

Pseudomonas species* 22 14 6 42 (10.6) 
Acinetobacter calcoaceticus vi 8 1 16 (4.0) 
Moraxella species' 1 7 — 8 (2.0) 
Haemophilus influenzae 2 3 2 7 (1.8) 
Citrobacter freundii 3 3 1 7 (1.8) 
Enterobacter aerogenes 3 2 1 6 (1.5) 
Branhamella catarrhalis 1 3 1 5 (1.2) 
Escherichia coli 1 1 1 3 (0.7) 
Klebsiella species* 1 1 — 2 (0.5) 
Proteus mirabilis — 2 — 2 (0.5) 
Serratia marcescens 1 — — 1 (0.3) 

Total (Percentage) 182 (45.7) 161 (40.5) 55 (13.8) 398 (100.0) 





*Pseudomonas species isolated include P. aeruginosa (41) and P. fluorescens (1). 
tMoraxella species isolated include M. liquefaciens (3) and M. nonliquefaciens (5). 
*Klebsiella species isolated include K. pneumoniae (1) and K. rhinoscleromatis (1). 


cies was not isolated in any case, and cultures 
for Mycobacterium species performed on the last 
consecutive 305 patients in the series were 
negative. 

Although the number of fungal corneal ulcers 
was much smaller than the number of bacterial 
ulcers, 68 positive fungal cultures were ob- 
tained. Fungal elements were demonstrated on 
direct corneal smears from 38 of the patients 
(55.4%) with positive fungal cultures. In 32 of 
these 38 cases, fungal elements were seen by 
both Gram stain and Gomori methenamine- 
silver, and in six cases fungi were seen with 
Gomori methenamine-silver only. 

A total of 36 species of fungal organisms from 
15 genera were identified (Table 5). Of 68 total 


isolates, 31 were of Aspergillus species (47.0%), 
followed by nine of Candida species (13.2%), 
and eight of Fusarium species (11.7%). In most 
of the cases, the fungal organisms that were 
isolated were mixed with bacteria (Table 2). All 
of the fungi grew within 15 days either in 
Sabouraud dextrose agar, brain heart infusion 
broth, or both. Only six of the 68 positive 
cultures were grown in brain heart infusion 
broth only. 


Discussion 


In Nepal, corneal trauma and ulceration are 
the second leading cause of unilateral blind- 
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TABLE 5 
FUNGAL ISOLATES FROM CORNEAL ULCERS IN NEPAL 


PURE MIXED WITH 


FUNGI ISOLATES BACTERIA TOTAL (%) 
Aspergillus species* 14 18 31 (47.0) 
Candida species' 2 7 9 (13.2) 
Fusarium species? 4 4 8 (11.7) 
Cladosporium species‘ — 4 4 (5.9) 
Mucor species’ — 3 3 (4.4) 
Lasiodiplodia theobromae 1 2 3 (4.4) 
Curvularia prasadii 1 1 2 (2.9) 
Collectotrichum capsici 1 -— 1 (1.5) 
Nigrospora sphaerica — 1 1 (15) 
Phialophora cycliminis 1 — TT:S) 


Penicillium griseofulvum — 1 EEO) 
Rhizopus pusillus 1 -— 1 (1.5) 
R. arrhizus 1 — 1 (1.5) 
Sporotrichum carnis 1 — 1 (1.5) 

Total (Percentage) 27 (39.7) 


41 (60.3) 68 (100.0) 


*Aspergillus species isolated include A. fumigatus (18), A. 
flavus (8), A. restricuts (1), A. ustus (1), A. versicolor (1), A. sydowii 
(1), A. terreus (1), and A. oryzae (1). 

"Candida species isolated include C. krusei (2), C. tropicalis 
(2), C. pseudotropicalis (1), C. parapsilosis (1), C. guilliermondii 
(2), and Geotrichum candidum (1). 

*Fusarium species isolated include F. oxysporum (2), F. solani 
(1), F. heterospermum (2), F. nivale (1), F. sporotrichoides (1), and 
F. tabacinum (1). 

‘Cladosporium species isolated include C. chlorocephalum (2), 
C. cladosporoides (1), and C. sphaerospermum (1). 

'Mucor species isolated include M. globosus (1), M. mucedo 
(1), and M. racemosus (1). 


ness.” In contrast to the visual loss from cata- 
racts, which affects mainly the older age 
groups, corneal ulceration is encountered in all 
ages. This pattern is similar to that reported 
from populations studied in other countries.'*"* 
Even though trauma was rarely reported as a 
predisposing cause of corneal ulceration in 
children in Nepal, probably because of their 
lack of participation in agricultural activity, 
other factors, such as malnutrition, xerophthal- 
mia, and measles, were frequently seen and 
were directly responsible for one third of all 
cases of microbial keratitis in the newborn to 
11-year-old age group. 

The occupations of the patients in the study 
reflect the economic patterns of employment in 
Kathmandu Valley and the surrounding coun- 
tryside. Since 95% of Nepalese (both males and 
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females) are engaged in agricultural activity 
with rice as the main crop, corneal injury froma 
rice stalk, not surprisingly, represents the sin- 
gle greatest risk factor found in the study. 
Absent in this group of patients were contact 
lens wearers and individuals with compro- 
mised corneas caused by disease processes, 
such as herpes simplex keratitis, keratocon- 
junctivitis sicca, or bullous keratopathy, which 
are frequently implicated as causes of corneal 
ulceration in the developed countries of the 
world.’"" 

In this study, 177 of the 405 patients (43.7%) 
came to the Ophthalmology Clinic for consulta- 
tion after they had ocular symptoms for more 
than a week, and 73 (18.1%) of the patients 
came to the clinic one month or more after the 
onset of their symptoms. As a consequence, 
most of the ulcers were advanced at the time of 
first examination. Two thirds of the patients had 
sought help from either health care workers, 
physicians, or traditional healers before exami- 
nation, but one third of all the patients had no 
previous treatment. 

Microorganisms were isolated from 80% of 
the 405 corneas that were cultured. This high 
rate of recovery of organisms compares favora- 
bly with other studies,***"*! and was primarily 
because of multiple scrapings from the area of 
ulceration and to a lesser extent to the use of 
several enriched culture media for inoculation. 
Despite the use of topical antibiotics by 223 of 
the patients before examination, organisms 
were cultured in 172 of the 223 patients 
(77.1%), which indicates the use of inappropri- 
ate antibiotics or poor patient compliance. 
Only 14 of the 405 patients were previously 
treated with topical corticosteroids or with an- 
tibiotics in combination with corticosteroids. 
Of these, 11 of the 14 had positive cultures for 
fungal organisms. Even though the number of 
patients previously treated with corticosteroids 
was small, it appears that the recovery of fungal 
organisms from those patients was definitely 
enhanced by corticosteroid therapy. 

Even though the most commonly isolated 
bacteria in this series were Streptococcus pneu- 
moniae (31.1%) and Staphylococcus species 
(22.3%), Corynebacterium xerosis or diphthe- 
roids were also isolated in large numbers 
(11.9%). Although these latter organisms have 
been considered nonpathogenic for the cornea, 
their presence in chronic corneal ulcers that are 
otherwise sterile has led to speculation that 
they may be indolent pathogens.” 
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In the United States, the incidence of Strepto- 
coccus pneumoniae as a corneal pathogen has 
fallen to less than 7%,”*** whereas Pseudomonas 
species has become the most frequently isolat- 
ed pathogen in several series.” This increase 
in the frequency of pseudomonad corneal ul- 
ceration has led to the false assumption that 
Pseudomonas species is the most common cause 
of ulceration in the world. Studies in develop- 
ing countries of the epidemiology of corneal 
ulceration, however, demonstrate a much more 
variable etiologic pattern. Streptoceccus pneu- 
moniae has been reported as the most frequent- 
ly isolated bacterial pathogen in patients with 
corneal ulceration by Pahalkar and associates’ 
in south India as well as by Carmichael, 
Wolpert, and Koornhof’ in South Africa. It is 
clearly evident that epidemiologic surveys are 
needed in each area to determine the bacterial 
pathogen most commonly responsible for ul- 
ceration. The problem is of grave practical con- 
cern because of the difference in therapeutic 
approach when treating a pneumococcal as 
opposed to a pseudomonad ulcer. Since Strepto- 
coccus species in general are not sensitive to 
aminoglycosides, use of gentamicin or tobram- 
ycin as first-line antibiotics for treating corneal 
ulcers in an area where Streptococcus pneumo- 
niae is the primary pathogen is inappropriate. 

The incidence of 16.8% fungal infection also 
demonstrates the severity of the problem of 
fungal corneal ulceration from an epidemiolog- 
ic point of view. In Nepal, an enormous spec- 
trum of pathogens was encountered in the cor- 
neas of infected patients, but Aspergillus 
species was isolated in almost half the cases. 
This finding is similar to previous reports.” 

The emphasis of this study has been to devel- 
op a comprehensive epidemiologic cross sec- 
tion of central corneal ulceration in Nepal. 
Although a specific etiologic diagnosis was of 
paramount importance in the study, an attempt 
was also made to identify those demographic 
and personal factors that predispose an individ- 
ual to the development of corneal ulceration. 
We believe that large-scale comprehensive epi- 
demiologic surveys of this type are of great 
importance in delineating the pattern of disease 
and in identifying the specific pathogens re- 
sponsible for infection. The importance of this 
type of survey has even greater meaning in the 
context of the limited health care resources 
available for the diagnosis and treatment of 
diseases that cause blindness in many of the 
developing nations of the world. 
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OPHTHALMIC MINIATURE 
“Tell me,” I said, ‘‘you that so strain your breasts together, who are you?” 
And they bent back their necks; and when they had raised their faces to 
me their eyes, which before were moist only within, gushed over at the lids, 
and the frost bound the tears between and locked them up again, never did 
clamp bind beam on beam so hard; whereupon they butted together like 


two goats, such fury mastered them. 
The Divine Comedy of Dante Alighieri 


Translated by John D. Sinclair, Canto XXXII of Inferno 
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EDITORIAL 





Hydroxyamphetamine. A Good Drug Lost? 


Ronald M. Burde and H. Stanley Thompson 


In 1852, Bernard,’ working with dogs, no- 
ticed an ipsilateral narrowing of the palpebral 
fissure and a decrease in the size of the pupil 
after cutting the cervical sympathetic nerve. 
But it was the case report of Horner’ in 1869 
that captured the imagination of the clinician. 
The combination of blepharoptosis, miosis, and 
anhidrosis was soon called Horner’s syndrome 
and, at the time, was recognized as a sign of a 
lesion in the neck. 

In 1932, Foerster and Gagel’ introduced the 
sequential use of topical cocaine and epineph- 
rine eyedrops to help make the diagnosis of 
Horner’s syndrome and localize the site of the 
lesion. In 1971, Thompson and Mensher’ re- 
marked that cocaine failed to separate central 
from peripheral lesions because in both cases 
the affected pupil dilated poorly, and they em- 
phasized the unreliability of the epinephrine 
test. As an alternative, they introduced the idea 
of first using topical cocaine to make the diag- 
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nosis of the sympathetic paresis, and then later 
instilling hydroxyamphetamine eyedrops to lo- 
calize the site of the lesion. 

Cocaine acts by preventing the re-uptake of 
norepinephrine, which under normal circum- 
stances is released continuously from the sym- 
pathetic nerve endings in response to innerva- 
tional tone. With re-uptake blocked by cocaine, 
the norepinephrine concentration at the neuro- 
muscular junction increases until the dilator 
muscle is stimulated, and this stimulation di- 
lates the pupil. A lesion anywhere in the sym- 
pathetic chain will decrease the tonic release of 
the norepinephrine, and this will lead to a poor 
pupillary dilation to topical cocaine. Because 
random drug testing for substance abuse is 
common, it is important to tell the patient that, 
after topical cocaine eyedrops are instilled, a 
urine test for cocaine is likely to be positive for 
at least 36 hours (100% at 24 hours; 53% at 36 
hours). 
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When doubt about the diagnosis of Horner’s 
syndrome exists, the cocaine test is still the 
definitive procedure."’ However, when the cli- 
nician is confident of the diagnosis—either as a 
result of looking for dilation lag with a video 
camera, or by comparing sweating or skin con- 
ductance on the two sides of the face—then the 
cocaine test can be skipped. There is no good 
substitute, however, for the localizing informa- 
tion provided by the hydroxyamphetamine test. 

Hydroxyamphetamine is also an indirectly 
acting sympathomimetic agent, but it acts, like 
tyramine, by causing the release of norepineph- 
rine from the postganglionic sympathetic nerve 
endings. These are the neurons that start in the 
Superior cervical ganglion and travel up the 
carotid artery to the iris dilator muscle and to 
Muller’s muscle. If a lesion has destroyed this 
third-order (peripheral) neuron, there will be 
no norepinephrine stores in the endings and no 
norepinephrine available for release, so there 
will be no mydriasis in response to hydroxyam- 
phetamine. The response to the application of 
hydroxyamphetamine eyedrops localizes the 
site of the lesion: if the pupil dilates, then the 
third-order neuron is intact, and if it does not, 
the third-order neuron is damaged. 

Thompson and Mensher‘ demonstrated in a 
patient with a presumed second-order neuron 
lesion (that is, the neuron that runs from the 
ciliospinal center of Budge in the spinal cord, 
over the pulmonary apex, to synapse in the 
superior cervical ganglion) that pretreatment 
with cocaine interfered with hydroxyampheta- 
mine mydriasis. They recommended at least 
two days between drug applications. It is not 
known whether this precaution is always need- 
ed, but at present it adds further pressure in 
office practice to skip the cocaine test and go 
straight to the hydroxyamphetamine test. 

In 1980, Maloney, Younge, and Moyer’ 
showed that hydroxyamphetamine had a high 
sensitivity in identifying postganglionic le- 
sions. In 1983, Van der Wiel and van Gijn’ 
found hydroxyamphetamine to have a sensitivi- 
ty of only 40% in identifying postganglionic 
lesions, Recently, Cremer and associates!’ dem- 
onstrated that although 1% hydroxyampheta- 
mine is good at distinguishing postganglionic 
lesions from preganglionic lesions, a zone of 
equivocal response still remains. If the patient’s 
pupillary inequality increases by only 0.5 mm 
after hydroxyamphetamine in both eyes, then 
no conclusions can be drawn from the test. 
Their data also show that, if hydroxyampheta- 
mine eyedrops are used in a patient with a 


preganglionic lesion of the sympathetic path- 
way, the denervated pupil usually dilates more 
than the nonaffected pupil. Most neuro-oph- 
thalmic textbooks!’ now recommend the se- 
quential use of cocaine followed by hydroxy- 
amphetamine, as suggested by Thompson and 
Mensher.* 

Paredrine (hydroxyamphetamine hydrobro- 
mide 1%, Smith, Kline, & French) received 
Food and Drug Administration approval in 
1938, and has been used as a mydriatic for more 
than 50 years. The recommendation in 1971! 
that it be used as a diagnostic preparation 
coincided with its general decline in popularity 
as a mydriatic agent, and in 1989, SmithKline 
Beecham discontinued the production of Pare- 
drine. Gradually, as ophthalmologists and neu- 
rologists came to the bottom of their bottles of 
Paredrine and discovered that it was no longer 
available, SmithKline Beecham began to receive 
a flood of complaints, and neuro-ophthalmolo- 
gists began to receive calls from colleagues 
asking where to get hydroxyamphetamine. At 
the present time, we do not have an answer. 

In the 1970s, Paredrine was apparently 
banned from some countries on the grounds 
that it was an amphetamine and therefore 
might be sold on the black market as a recrea- 
tional nose drop. If anyone ever used it in this 
way in expectation of some euphoric effect, 
they must have been badly disappointed. The 
structure of hydroxyamphetamine is apparent- 
ly just sufficiently different from that of benze- 
drine to deprive it of its central euphoric ef- 
fects. This was clearly demonstrated in the 
1940s, when hydroxyamphetamine combined 
with a suspension of sulfathiazole was flushed 
in large quantities through inflamed paranasal 
sinuses without complaint of agitation or sleep- 
lessness. 

Tyramine hydrochloride might be substituted 
for hydroxyamphetamine, except that tyramine 
does not have hydroxyamphetamine’s approval 
or its 50-year record as a gentle, safe, and 
dependable mydriatic, and far less clinical re- 
search has been done on tyramine as a diagnos- 
tic test in Horner’s syndrome. Topical tyramine 
is reported to sting when applied. 

Hydroxyamphetamine only lacks a supplier. 
It already has full Food and Drug Administra- 
tion approval as a safe and effective mydriatic 
for human use (NDA 0004), which means that 
anyone is free to manufacture it and market it as 
a mydriatic, provided the solution is hydroxy- 
amphetamine hydrobromide 1%, with appro- 
priate preservatives added to the solution. All 
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the Food and Drug Administration requires is 
an “Abbreviated New Drug Application.” 

Is there an eyedrop manufacturer out there 
who would like to produce this solution in 
single dose packaging? There are many of us, 
neurologists as well as ophthalmologists, who 
feel the loss of hydroxyamphetamine 1% in our 
efforts to provide the best possible care for our 
patients, and we would be most grateful if this 
test were made available again. We suspect that 
clinicians would be willing to pay enough per 
dose to keep the operation out of the red. 


This study was supported in part by an unrestricted 
grant from Research to Prevent Blindness, Inc. 

Reprint requests to Ronald M. Burde, M.D., Depart- 
ment of Ophthalmology, Albert Einstein College of 
Medicine, Montefiore Medical Center, 111 E. 210th St., 
Bronx, NY 10467-2490; or H. Stanley Thompson, M.D., 
Department of Ophthalmology, University of lowa Hos- 
pitals and Clinics, lowa City, IA 52242. 
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Transesophageal Echocardiography 
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With Retinal Artery Occlusions 


Craig M. Greven, M.D., 
Richard G. Weaver, M.D., 
William R. Harris, M.D., 
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occlusion. Results of examination at that time 
were normal, including surface echocardiogra- 
phy. On examination, visual acuity was R.E.: 
20/20 and L.E.: 20/20. Results of slit-lamp and 
pupillary examinations were normal. Small 
paracentral inferior scotomas were present bi- 
laterally. Although results of retinal examina- 
tion at this time were normal, fluorescein angi- 
ography of the right eye showed abrupt 
termination of the fluorescein and nonfilling of 
two superior branch retinal arterioles that cor- 
responded exactly with the area of the scotoma 


(Figs. 1 and 2). Results of an examination and 





Inquiries to Craig M. Greven, M.D., Department of 
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300 S. Hawthorne Rd., Winston-Salem, NC 27103. 

Mitral valve prolapse is the most common 
form of valvular heart disease.! Retinal arterial 
obstruction and central retinal venous occlu- 
sive disease have been associated with mitral 
valve prolapse.** The diagnosis of mitral valve 
prolapse can be made on clinical grounds, but 
echocardiography is required to confirm the 
diagnosis. We treated a patient with bilateral 
retinal arterial occlusion who had normal re- 
sults of surface echocardiography on two occa- 
sions. However, transesophageal echocardiog- 
raphy, an improved method of imaging the 
cardiac valves, was able to document mitral 
valve prolapse in this patient. 

A 35-year-old man had a three-week history 
of acute onset of an inferior scotoma in the right 
eye. Two years previously, the patient had 
developed an inferior scotoma in the left eye 
presumed to be secondary to a retinal vascular 
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Fig. 1 (Greven and associates). Normal appearance 
of retinal vasculature and site of occlusion of the 
superotemporal artery. 
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Fig. 2 (Greven and associates). Fluorescein angio- 
gram of right eye showing abrupt termination of a 
branch of the superotemporal artery (arrow). 


surface echocardiography were normal. How- 
ever, transesophageal echocardiography dis- 
closed myxomatous changes in the mitral valve 
with mitral valve prolapse. The patient was 
subsequently given aspirin and dipyridamole 
and has had no additional vascular occlusive 
events. 

Transesophageal echocardiography has been 
shown to be better than surface echocardiogra- 
phy in detecting mitral valve prolapse and 
other cardiac abnormalities in young patients 
with cerebral ischemic events.’ The transesoph- 
ageal echo transducer is in closer proximity to 
the posterior heart structures, which allows the 
use of a high transducer frequency (5 mHz) to 
improve the resolution of the posterior heart 
structures as well as the mitral valve, left atri- 
um, and aortic valve. The findings in our case 
demonstrate that this technologic advance was 
better than traditional transthoracic echocardi- 
ography in documenting the source of the 
retinal arterial occlusion. Ophthalmologists 
should be aware of transesophageal echocardi- 
ography and consider this improved diagnostic 
modality for patients with unexplained retinal 
artery occlusions, even with normal results of 
surface echocardiography. 
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Use of Transesophageal 
Echocardiography for Detection of a 
Likely Source of Embolization to the 
Central Retinal Artery 
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Transesophageal echocardiography provides 
a substantially clearer view of cardiac struc- 
tures than does transthoracic echocardiogra- 
phy. Transesophageal echocardiography uses a 
5-MHz ultrasound transducer attached to the 
distal tip of a standard flexible gastroscope. By 
placing the transducer in the esophagus direct- 
ly behind the heart, the technique avoids the 
tissue, bone, and air interfaces that attenuate 
transthoracic echocardiography ultrasound im- 
ages.! We used this technique to detect a likely 
cardiac source of embolization to the central 
retinal artery, which was not evident with 
transthoracic echocardiography. 
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A 47-year-old woman was examined approxi- 
mately two hours after she noted sudden, se- 
vere loss of vision in her left eye on Dec. 16, 
1989. Visual acuity was R.E.: 20/25 and L.E.: 
light perception with poor projection. Intraocu- 
lar pressure by applanation tonometry was 19 
mm Hg in each eye. Results of examination of 
the right eye were unremarkable. Examination 
of the left eye disclosed a cherry-red spot in the 
center of the macula surrounded by white 
translucent retina in the posterior pole. The 
retinal arteries were patent, although they were 
slightly narrower than those in the right eye. 
No emboli were noted. Ophthalmodyna- 
mometry disclosed an ophthalmic artery pres- 
sure of 50 mm Hg in each eye. 

The patient’s medical history was noncon- 
tributory, and results of the general physical 
examination were unremarkable. Laboratory 
and diagnostic tests included the following val- 
ues: white blood cell count, 8,700; hemoglobin, 
149 g/l; hematocrit, 42.5%; erythrocyte sedi- 
mentation rate, 10 mm/hr; prothrombin time, 
11.0 seconds; partial thromboplastin time, 29.7 
seconds; normal serum protein electrophoresis 
level; negative antinuclear antibody test; nega- 
tive VDRL test; and negative fluorescent trepo- 
nemal antibody absorption test. A Doppler ul- 
trasonographic study of the carotid arteries was 
unremarkable. 

Results of transthoracic echocardiography 
were normal. Transesophageal echocardiogra- 
phy, however, disclosed a 2.5-cm interatrial 
septal aneurysm with a small thrombus adher- 
ent to the left atrial side. We believed this to be 
the likely source for the embolus that led to the 
left central retinal artery occlusion. 

The patient was given 300 mg of aspirin daily 
and has had no additional symptoms or signs of 
an embolic event. The left optic disk developed 
generalized pallor, and the sensory retina, es- 
pecially in the macula, had an ischemic appear- 
ance. At the most recent examination on May 
15, 1990, visual acuity was L.E.: 2/400. 

Daniel and associates? demonstrated that 
tranesophageal echocardiography leads to a 
significant improvement in the identification of 
potential cardiac sources for arterial embolism 
associated with cerebral ischemic events when 
compared to results using transthoracic echo- 
cardiography. The findings in our patient dem- 
onstrate the value of transesophageal echocar- 
diography for the detection of a potential 
source for an unexplained arterial embolism 


causing a central retinal artery occlusion. Phy- 
sicians should consider the use of this tech- 
nique when medical examination, including 
Doppler ultrasonography and transthoracic 
echocardiography, do not detect the origin of a 
central retinal artery occlusion. 
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Apraclonidine hydrochloride 1% ophthalmic 
solution has been demonstrated to decrease the 
magnitude and prevalence of intraocular pres- 
sure increases significantly after anterior seg- 
ment laser procedures.'* Other studies have 
examined the efficacy and safety of topical 
apraclonidine therapy for glaucoma.’ Eyelid 
retraction, conjunctival blanching, and dryness 
of the mouth and nose are among the more 
common side effects reported with this agent.* 
We treated two patients with follicular conjunc- 
tivitis observed during a clinical trial with apra- 
clonidine hydrochloride. 

The clinical trial involved the adjunctive use 
of 0.06%, 0.125%, or 0.25% apraclonidine hy- 
drochloride added to timolol maleate 0.5% in 
patients with primary open-angle glaucoma. 
Each drug was used twice a day. Two patients 
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developed follicular conjunctivitis similar to 
that noted with topical epinephrine com- 
pounds. 


Case 1 

A 34-year-old white man had been using 
timolol maleate 0.5% twice daily in both eyes 
for primary open-angle glaucoma. The patient 
entered the clinical trial, and apraclonidine 
0.125% in each eye twice daily was prescribed 
in conjunction with the timolol therapy. One 
month later, he had itchy, irritated eyes. A 
bilateral, mixed papillary and follicular con- 
junctivitis was observed. Apraclonidine was 
discontinued and timolol was continued. The 
patient’s signs and symptoms subsequently re- 
solved. The previous regimen of apraclonidine 
and timolol was then restarted. Two weeks 
later, the same clinical course recurred. With 
discontinuation of apraclonidine hydrochlor- 
ide, the conjunctivitis again resolved. 


Case 2 

A 39-year-old white man who was taking 
timolol maleate 0.5% in each eye twice daily for 
primary open-angle glaucoma entered the 
study and began taking apraclonidine hydro- 
chloride 0.06% in each eye. Because of inade- 
quate control of intraocular pressure, the regi- 
men was advanced to 0.125% and later 0.25% 
apraclonidine in accordance with the study 
protocol. Approximately seven weeks after ini- 
tiating apraclonidine therapy, moderate con- 
junctival injection of both eyes was noted. In- 
traocular pressure remained uncontrolled with 
the 0.25% concentration, and a unilateral trial 
to test for efficacy was undertaken. Apracloni- 
dine was discontinued in only the right eye, and 
timolol was maintained in each eye. The patient 
returned six weeks later with redness and itch- 
ing of the left eye. A prominent follicular con- 
junctivitis was noted in the left eye only. There 
was no evidence of an infectious origin. After 
stopping only the apraclonidine, the signs and 
symptoms resolved. 


Toxic and hypersensitivity reactions of the 
conjunctiva are not uncommon side effects of 
topical ophthalmic medications. The relation- 
ship of follicular conjunctivitis and topical epi- 
nephrine compounds is well recognized.’ The 
findings in these two patients suggest that the 
alpha-2 agonist, apraclonidine, may cause a 
similar inflammatory response. Whether this is 
a property of apraclonidine hydrochloride solu- 
tion itself or of timolol and apraclonidine used 


concomitantly is unclear. The apraclonidine 
vehicle consists of 0.01% benzalkonium chlo- 
ride as a preservative and the inactive ingredi- 
ents sodium chloride, sodium acetate, sodium 
hydroxide, hydrochloric acid, and purified wa- 
ter. Apraclonidine itself seems the most likely 
component to have a role in this reaction. The 
other ingredients are common to other topical 
ophthalmic medications that have not been 
reported to cause follicular conjunctivitis. This 
response may be caused by a toxic effect or a 
hypersensitivity reaction. In either case, physi- 
cians should be aware of the potential for in- 
ducing follicular conjunctivitis with long-term 
topical apraclonidine hydrochloride therapy. 
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The Schirmer test, used for the detection of 
dry eye conditions, is often used in clinics 
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because it is relatively quick and easy to admin- 
ister. Since the original Schirmer test does not 
use anesthesia, it causes irritation in patients. 
Therefore, the modified technique of the 
Schirmer test with topical anesthesia is pre- 
ferred. With or without anesthesia, the reflex 
tear is capable of altering the results of the 
Schirmer test, which makes it highly unstable.’ 

To obtain the maximum amount of reflex 
tears, several methods have been advocated, 
such as lemon and nasal stimulation. Although 
these stimulation methods have been reported,” 
they are not being used in clinics because the 
importance of this test has not been empha- 
sized, and the procedure is complicated. I 
developed a quick and easy method for obtain- 
ing maximal lacrimal reflex. 

A patient was instructed to sit back and relax 
on a chair with a high back. The purpose of this 
procedure, to maximize tearing, was then ex- 
plained. A small cotton-tipped applicator was 
then inserted into the nose until the tip of the 
applicator reached the nasal membrane of the 
ethmoid sinus. (If the examiner is not familiar 
with the anatomy of the nasal cavity, the proce- 
dure is performed with a nasal opener and an 
indirect ophthalmoscope [Figure]. With some 
experience, it becomes easier to insert the cot- 
ton-tipped applicator without direct observa- 
tion.) The Schirmer test was then performed, 
regardless of whether or not the patient noticed 
the tearing. 

Patients with Sjégren’s syndrome (seven 
women; mean age, 56.0 + 6.4 years), patients 
with keratoconjunctivitis sicca and increased 
autoantibody levels, such as antinuclear anti- 
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Figure (Tsubota). The anatomic drawing of the 
nasal cavity and the cotton-tipped applicator. The 
ethmoid meatus (arrow) is touched gently with the 
cotton-tipped applicator. 


body or rheumatoid arthritis factor (eight wom- 
en and two men; mean age, 54.2 + 8.5 years), 
and patients with keratoconjunctivitis sicca 
without any systemic abnormalities (seven 
women and five men; mean age, 48.9 + 14.1 
years) were recruited for this study. Using topi- 
cal anesthesia the Schirmer test was performed 
first, and then the cotton-tipped applicator was 
inserted into the nasal cavity on the side with 
less tearing. The Schirmer test was then per- 
formed again, and the results were compared. 
The patients did not have nasal bleeding or 
severe pain. Some of the patients asked to take 
the test again because the tearing was a relief to 
them. 

Patients with Sjégren’s syndrome, patients 
with keratoconjunctivitis sicca and increased 
autoantibody levels, and patients with kerato- 
conjunctivitis sicca alone had Schirmer test 
results of 3.6 + 3.9 mm, 1.9 + 1.7 mm, and 2.0 
+ 2.0 mm in the worse eyes, respectively. In the 
better eyes, the results were 5.3 + 4.5 mm, 2.6 
+ 2.4 mm, and 4.8 + 8.3 mm, respectively. 
There were no statistical differences among the 
three groups in the worse or better eyes. After 
nasal stimulation to the worse eyes, the results 
were 2.1 + 2.9 mm, 18.1 + 11.9 mm (P < ,01), 
and 24.6 + 12.0 mm (P < .001) in stimulated 
eyes, respectively. The results were 0.9 + 1.4 
mm, 4.8 + 3.6 mm, and 6.0 + 3.9 mm in the 
eyes opposite nasal stimulation, respectively 
(not statistically significant). 

Two findings became apparent through this 
test. The simple Schirmer test could not differ- 
entiate patients with Sjégren’s syndrome from 
the patients who did not have Sjégren’s syn- 
drome. Nasal stimulation could increase the 
tearing dramatically in patients who did not 
have Sjégren’s syndrome, whereas no increase 
was observed in patients with Sjégren’s syn- 
drome. Thus, nasal stimulation can differenti- 
ate between the two conditions. 

In patients with Sjogren’s syndrome, the lac- 
rimal glands are destroyed by lymphocyte infil- 
tration‘ and are not expected to respond to the 
stimulation. My findings may suggest that the 
patients with keratoconjunctivitis sicca who do 
not have Sjogren’s syndrome have normal capa- 
bility of reflex tearing but less basal tearing 
without stimulation. Since these patients are 
expected to have normal morphologic structure 
of the lacrimal gland, keratoconjunctivitis sicca 
may not be a disease of the lacrimal gland, but it 
may be caused by the decreased sensitivity of 
the cornea and conjunctiva or by the functional 
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stenosis of the lacrimal duct as seen in contact 
lens wearers or at the beginning of the 
Sjogren’s syndrome. This nasal stimulation is a 
safe and easy procedure with less discomfort 
for the patients. I recommend this test be 
performed to examine the maximal ability 
of tearing in patients, which can help in 
the differential diagnosis of patients with 
keratoconjunctivitis sicca. 
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Eyelid involvement is rarely reported as the 
sole manifestation of discoid lupus erythema- 
tosus.’> The differential diagnosis includes 
blepharitis, contact dermatitis, lymphocytic in- 
filtrates, and sebaceous cell carcinoma. Early 
diagnosis and treatment are desirable to pre- 
vent eyelid dysfunction. We treated a patient in 
whom a full-thickness eyelid biopsy was com- 
plicated by multiple episodes of wound dehis- 





cence secondary to the chronic inflammation of 
a discoid lupus lesion. 

A 29-year-old man had a four-year history of 
an erythematous, indurated lesion of the left 
upper eyelid. The patient was in good general 
health. The eyelid was treated with topical 
corticosteroids without improvement. 

Ocular examination disclosed a well-demar- 
cated, erythematous, indurated, scaling lesion 
involving 90% of the left upper eyelid and 
eyelid margin (Fig. 1). Madarosis was seen 
along the medial one half of the eyelid. The 
palpebral conjunctiva was not inflamed. Re- 
sults of the remainder of the ophthalmic, der- 
matologic, and physical examinations were 
normal. 

Since an eyelid carcinoma was suspected, a 
full-thickness wedge biopsy of the left upper 
eyelid was performed at the lateral border of 
madarosis. Pathologic examination disclosed 
hyperkeratosis with mild keratin plugging, hy- 
dropic degeneration of the basal epidermal lay- 
er, and moderate lymphocytic infiltrate within 
the dermis, particularly around cutaneous ap- 
pendages. Direct immunofluorescence studies 
disclosed deposition of IgG, IgA, and C3 along 
the dermal-epidermal junction, a finding con- 
sistent with lupus erythematosus (Fig. 2). Re- 
sults of laboratory studies were normal. 

The original surgical incision was closed with 
interrupted polyglactin sutures in the tarsus 
and subcutaneous tissues, without tension on 
the wound. Nine days postoperatively, the pa- 
tient had total wound dehiscence. Persistent 
inflammation was present without evidence of 
infection. The margins of the wound were 
freshened, and the dehiscence was repaired by 
layered closure combined with a lateral can- 
thotomy. Six days postoperatively, the patient 


- -\ ie 
Fig. 1 (Meiusi and associates). Demarcated, scaling 
lesion with madarosis of the left upper eyelid. 
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Fig. 2 (Meiusi and associates). Granular deposition 
of IgG along the dermal-epidermal junction. 


again had wound dehiscence. Repair was then 
performed with multiple horizontal mattress 
sutures placed over sponge bolsters after a flap 
had been advanced from the lateral canthus. 
Surgical repair was supplemented with intrale- 
sional injection of dexamethasone. The wound 
healed without additional complications, and 
follow-up examination six months postopera- 
tively showed an intact eyelid with less indura- 
tion and erythema. 

In rare cases, eyelid involvement may be the 
sole manifestation of discoid lupus erythema- 
tosus. Recognition of the possibility of this 
entity is important before surgical manipula- 
tion, as poor wound healing may occur. Diag- 
nosis is confirmed by immunofluorescence 
studies of biopsy specimens of the lesions. 
Treatment with antimalarials is usually effec- 
tive when persistent eyelid inflammation oc- 
curs. 
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Hepatic Cirrhosis as a Doubtful 
Cause of Eyelid Retraction 
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crinology (C.A.G.), Mayo Clinic and Mayo Founda- 
tion. 


Inquiries to George B. Bartley, M.D., Department of 
Ophthalmology, Mayo Clinic, Rochester, MN 55905. 

Eyelid retraction is most commonly caused 
by Graves’ disease and is a sensitive and specif- 
ic sign of this systemic disorder. Most textbooks 
and reviews that discuss dysthyroid ophthal- 
mopathy include hepatic cirrhosis in the differ- 
ential diagnosis for eyelid retraction.' The ori- 
gin of this supposition is a report in 1962 from 
our institution that described eyelid retraction 
or eyelid lag in association with liver cirrhosis.” 
Graves’ ophthalmopathy was considered as a 
possible cause of the ocular signs, but the au- 
thors stated that “thyroid disease could not be 
substantiated in any patient on the basis of 
history, physical examination, or tests of thy- 
roid function.” The authors indicated that “the 
mechanism of these eye signs in cirrhosis. . . 
remains obscure.” Because we also could not 
explain the pathophysiologic characteristics of 
eyelid retraction presumably secondary to cir- 
rhosis and because we had not observed true 
eyelid retraction in such a clinical setting, we 
reviewed the original report in hopes of clarify- 
ing this association. 

Summerskill and Molnar’ studied 110 pa- 
tients with hepatic cirrhosis and documented 
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Fig. 1 (Bartley and Gorman). Case 1 of Summerskill 
and Molnar.” Patient with cirrhosis after hepatitis 
and probable autoimmune thyroid disease. 
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eyelid retraction or eyelid lag in 13 patients. 
Photographs of two of the 13 patients (Cases 1 
and 12) were included in the report, and the 
medical records of these two patients could be 
traced through the sections of publications and 
photography at our institution. The remaining 
11 patients could not be identified. 

In the patient described in Case 1, the thyroid 
gland was noted in the medical record to be 
diffusely palpable and questionably of normal 
size. The only laboratory test result relating to 
thyroid function was a protein-bound iodine 
level of 2.8 pg/dl (normal, 3.5 to 7.5 pg/dl). 
This result is suggestive of autoimmune thyroid 
disease, and the clinical features of eyelid re- 
traction, esotropia (possibly from a restricted 
right medial rectus muscle), and conjunctival 
injection over the horizontal rectus muscle in- 
sertions are consistent with Graves’ ophthal- 
mopathy (Fig. 1). The data available are inade- 
quate by current endocrinologic standards to 
exclude Graves’ disease. 

Review of the record of the patient described 
in Case 12 showed that thyrotoxicosis had been 
diagnosed before examination at our institution 
and had been treated with methimazole and 
radioactive iodine. The patient’s eyelid retrac- 
tion, proptosis, and eyelid fullness are virtually 
pathognomonic for Graves’ ophthalmopathy 
(Fig. 2). 

We conclude from review of the records of 
these two patients that their eyelid retraction 
was secondary to dysthyroid ophthalmopathy 
and not to hepatic cirrhosis as had been conjec- 
tured in the original report. In our experience, 
true eyelid retraction (that is, not related to an 
obvious secondary cause such as proptosis, 
aberrant oculomotor nerve regeneration or syn- 
kinesis, midbrain disease, or previous eyelid 


i 
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Fig. 2 (Bartley and Gorman). Case 12 of Summer- 
skill and Molnar.” Patient with alcoholic cirrhosis 
and known history of thyrotoxicosis. Reprinted by 
permission of The New England Journal of Medicine, 
266:1244, 1962. 


surgery) is an extremely specific indicator of 
thyroid dysfunction.* Contemporary laboratory 
tests are much more sophisticated and sensitive 
than those available 30 years ago, and an ab- 
normality of thyroid regulation can be identi- 
fied in nearly every patient with true eyelid 
retraction. 

It is possible that chronic liver disease could 
result in a staring appearance if severe ascites 
results in vascular congestion and proptosis. 
We are skeptical, however, that hepatic cirrho- 
sis directly affects Muller’s muscle or the leva- 
tor palpebrae superioris muscle to cause true 
eyelid retraction. 
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Flotation Devices to Facilitate 
Amblyopia Therapy 
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Compliance with occlusion therapy for am- 
blyopia can be difficult. We developed an ap- 
proach to facilitate patching of the eyes of 
reluctant infants during treatment of amblyo- 
pia. Children who have dense amblyopia are 
often unsettled when the fellow eye is occlud- 
ed. Even small infants are able to remove the 
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cloth patch from the fellow eye many times 
each day. This not only frustrates the parents 
but can also produce significant periocular skin 
irritation, which forces interruption of treat- 
ment. In the quest for restoration of useful 
vision, various methods have been described 
that are directed at preventing the child from 
reaching up to the eye and taking off the patch. 

Techniques used to restrict upper extremity 
motion include wrapping magazines around 
the arms, using plastic tubing, and even using 
custom-made restraints from the orthopedic 
service for particularly difficult cases.'* Many 
parents find these approaches unacceptable or 
difficult to apply, further complicating the 
treatment of amblyopia. Recently, the mother 
of a child with unilateral aphakia noted that 
poolside flotation devices placed at the elbow 
prevented her son from removing his orthoptic 
patch (Figure). We have since found this ap- 
proach extremely effective whenever parents 
have difficulty in getting their infant to comply 
with an occlusion regimen. Additionally, we 





Figure (Hacker and O'Hara). A patient with flota- 
tion devices positioned around the arm. 


have noted that use of flotation devices is par- 
ticularly valuable during initiation of treatment 
or to ensure compliance in patients who require 
prolonged treatment. Flotation devices are 
light and well accepted both by the infant and 
the parents. The devices sufficiently restrict 
arm extension to prevent patch removal while 
providing adequate range of motion for other 
tasks. 

At the age of 12 to 16 months, many children 
are able to circumvent this method, which ne- 
cessitates other forms of restraint. Neverthe- 
less, we anticipate this approach will provide 
ophthalmologists with a helpful adjunct in am- 
blyopia therapy. 
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Retinal Pigment Epitheliopathy in 
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In histopathologic studies, ocular involve- 
ment in patients with leukemia has been esti- 
mated to occur in 50% of cases.' Retinal pig- 
ment epitheliopathy in acute leukemia was 
described by Clayman and associates,” Jakobiec 
and Behrens,’ and Inkeles and Friedman.! We 
treated a patient with retinal pigment epitheli- 
opathy associated with acute lymphoblastic 
leukemia. 

In 1987, acute lymphoblastic leukemia was 
diagnosed in a 6-year-old boy. The patient was 
treated with chemotherapy according to proto- 
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Fig. 1 (Verbraak, van den Berg, and Bos). Posterior 
pole showing yellow-white lesions in a reticular 
pattern at the level of the pigment epithelium. 


col, and the leukemia went into remission. In 
June 1989, a relapse was treated successfully. In 
this period, loss of vision of the right eye was 
noted, but the patient was not examined by an 
ophthalmologist. Three months later, the pa- 
tient was referred to our department. 

Visual acuity was R.E.: counting fingers and 
L.E.: 16/20. The adnexa and anterior segments 
were normal. Cells were noted in the vitreous 
of the right eye. Fundus examination of the 
right eye showed a peculiar pigment epithelial 
alteration throughout the posterior pole, in- 
cluding the fovea, and extending to the midpe- 
riphery. It consisted of a reticular pattern of 
yellow-white lesions surrounding areas of reti- 
na with a normal aspect (Fig. 1). The left eye 
was normal. Fluorescein angiography of the 
right eye showed early hyperfluorescence in a 
reticular pattern corresponding with the yel- 
low-white lesions seen with ophthalmoscopy, 
without leakage or staining (Fig. 2). Electro- 
oculography showed a normal light peak/dark 
trough ratio in both eyes. Electroretinography 
showed photopic and scotopic lowered a- and 
b-potentials, prolonged implicit times in the 
right eye, and normal values in the left eye. No 
therapeutic measures were taken. After five 
months, visual acuity in the right eye improved 
to 4/20. On ophthalmoscopy, a sharper demar- 
cation of the reticular pattern of yellow-white 
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Fig. 2 (Verbraak, van den Berg, and Bos). Fluoresce- 
in angiogram of the posterior pole of the right eye 
showing early hyperfluorescence in a pattern corre- 
sponding to the yellow-white lesions seen on oph- 
thalmoscopy. 


lesions was visible, without extension of in- 
volved areas. Electroretinography showed all 
values returning to normal. 

The ophthalmoscopic findings in this patient, 
and of the four patients previously described,”" 
show similarity in the location and the extent of 
the pigment epithelial alteration. Histopatho- 
logic examination by Clayman and associates” 
and Inkeles and Friedman‘ demonstrated de- 
struction and hyperplasia accompanied by leu- 
kemic infiltration of the retina and the choroid. 
Jakobiec and Behrens? suggested an irritation of 
the pigment epithelium, secondary to leukemic 
infiltration of the choroid, resembling the 
course seen in acute placoid multifocal posteri- 
or pigment epitheliopathy. The electrophysio- 
logic findings in our patient support this sug- 
gestion. A normal electro-oculogram with an 
abnormal electroretinogram and the electroret- 
inogram returning to normal with improvement 
of visual acuity are also seen in acute placoid 
multifocal posterior pigment epitheliopathy.* 

The variability in the severity of the damage 
to the pigment epithelium, ranging from large 
areas of destruction? to the still functional 
intact epithelium in our patient, and the fre- 
quent occurrence of choroidal infiltration in 
patients with leukemia’ makes it likely that 
more cases of leukemic pigment epitheliopathy 


Vol. 111, No. 1 


Letters to the Journal 113 


EEE 


could be identified with the help of a combina- 
tion of ophthalmoscopy, fluorescein angiogra- 
phy, and electrophysiologic examination, even 
in the absence of visual complaints. 
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Metastatic Renal Cell Carcinoma of 
the Iris Manifesting as an 
Intrastromal Iris Cyst 
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Eye and Ear Institute of Pittsburgh, University of 
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Metastatic tumors to the iris are often not 
clinically diagnosed unless there is a history or 
clinical evidence of cancer elsewhere in the 
body. They may be suspected based on the 
relatively rapid growth of white-pink masses 
on the iris surface or acute iridocyclitis unre- 
sponsive to standard therapy. We treated a 
patient who had an intrastromal cystic-appear- 
ing iris mass caused by metastatic renal cell 
carcinoma. 

A 65-year-old man had decreased vision in 
the left eye. Sixteen months before this mani- 


festation, the patient had undergone unevent- 
ful cataract extraction with implantation of a 
posterior chamber intraocular lens. He was 
otherwise in good health, although he smoked 
two packs of cigarettes daily. Best-corrected 
visual acuity was R.E.: 20/60 and L.E.: 20/200. 
Intraocular pressure was R.E.: 18 mm Hg and 
L.E.: 42 mm Hg. The left anterior chamber 
contained mild cell and flare. Fine iris neovas- 
cularization was present along the pupillary 
border. There was a smooth dome-shaped ele- 
vation of the superior portion of the iris, which 
extended from the 11 o'clock to the 12 o'clock 
meridian (Fig. 1). There was a pink-white mass 
beneath the surface of the iris, which transillu- 
minated. On gonioscopic examination, gray- 
white material, similar to Elschnig’s pearls, was 
noted posterior to the iris mass. Peripheral 
anterior synechiae were present over one third 
of the angle. Results of ophthalmoscopy were 
normal, and results of a chest x-ray were nor- 
mal. Results of laboratory tests for complete 
blood cell count, erythrocyte sedimentation 
rate, carcinoembryonic antigen assay, serum 
glutamic oxaloacetic transaminase, serum glu- 
tamic pyruvic transaminase, alkaline phospha- 
tase, lactic dehydrogenase, calcium, blood urea 
nitrogen and creatinine, and noninvasive carot- 
id testing were within normal limits. 

Results of the examination were consistent 
with an epithelial implantation cyst, secondary 
to the previous cataract surgery; however, this 
did not account for the associated iris neovascu- 
larization. Adenoma of the nonpigmented cili- 
ary epithelium, metastatic carcinoma, and leio- 
myoma were considered as other possibilities. 
Two months later, the iris lesion was larger, 
intraocular pressure became more difficult to 





Fig. 1 (Portnoy and associates). Slit-lamp photo- 
graph of superior iris mass (arrows). 
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Fig. 2 (Portnoy and associates). Light microscopic 
appearance of iris tumor, displaying sheets of poly- 
hedral-shaped cells with clear cytoplasm infiltrating 
the iris stroma. Remnants of iris pigment epithelium 
are seen on the left (hematoxylin and eosin, X 250). 


control, and the lesion was excised by means of 
a superior sector iridectomy. Pathologic exami- 
nation disclosed a finely vascularized globular 
gelatinous mass measuring 6 X 5 X 4 mm. 
Microscopically, the mass consisted of sheets of 
large rounded or polygonal-shaped cells having 
abundant clear cytoplasm rich in glycogen and 
lacking mucus (Fig. 2). The histologic appear- 
ance was consistent with a metastatic renal 
clear cell carcinoma. A computed axial tomo- 
graphic scan showed a large tumor of the left 
kidney with probable lytic lesions of the right 
pelvis. 

Metastatic carcinoma is the most common 
intraocular malignant neoplasm in adults and 
may be the first manifestation of systemic can- 
cer. Metastases to the anterior segment occur 
much less frequently than to the choroid. Me- 
tastases to the iris have manifested as fleshy 
pink nodules, iris surface plaques, or iridocycli- 
tis.! Renal cell carcinoma is a relatively rare 
cause of metastases to the iris, and has mani- 
fested as a gray- or yellow-white mass with 
prominent fine vascularization located on the 
inner portion of the iris surface.’* The findings 
in our case are unusual because of the manifes- 
tation of a metastatic iris tumor as a smooth- 
domed, cystic-appearing mass, simulating an 
epithelial inclusion cyst, in a patient with apha- 


kia. The coexistence of rubeosis and progres- 
sive glaucoma suggested the true nature of the 
lesion. 
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In January 1989, a 20-year-old woman had a 
rapidly growing swelling on her left upper 
eyelid for six months (Fig. 1). The patient had 
undergone incision and curettage of this swell- 
ing three months previously. She had not re- 
ceived radiotherapy. On examination, a small 
swelling of 5 X 3 mm was noted on the eyelid 





Fig. 1 (Bhalla and associates). Growth on the left 
upper eyelid. 
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Fig. 2 (Bhalla and associates). Moderately differen- 
tiated meibomian cell carcinoma of the eyelid show- 
ing cells arranged in acinar formation around a 
central fibrovascular tissue (hematoxylin and eosin, 
x 440). 


margin at the junction of the medial two thirds 
and lateral one third of the eyelid. The swelling 
originated from the tarsus. It was firm, non- 
mobile, and nontender. The upper eyelid also 
showed congestion. 

Excision of the growth was performed. Mei- 
bomian gland carcinoma was diagnosed on his- 
topathologic examination of the biopsy speci- 
men (Fig. 2). The patient was again examined 
for any evidence of systemic involvement. Ex- 
amination showed no lymphadenopathy or or- 
ganomegaly. Results of x-rays of the orbit, 
chest, and long bones were normal. 

In April 1990, the patient again had severe 
swelling on the left upper eyelid, measuring 10 
x 13 mm. The swelling involved most of the 
eyelid, except for the medial 2 mm, and was 
found to be extending onto tarsal conjunctiva 
as a polypoid mass. The mass showed areas of 
ulceration and was friable and tender. Results 
of systemic examination were normal. A com- 
plete excision of the growth was performed and 
the upper eyelid was reconstructed. 

On histopathologic examination, the tumor 
was found to be a moderately differentiated 
sebaceous adenocarcinoma. Oil-red-O stain for 
intracytoplasmic fat was present. The cells were 
mostly arranged in acinar formation around a 
central fibrovascular tissue. The cells showed 
vesicular nuclei containing basophilic material 
and prominent nucleoli. 


Meibomian carcinoma is a rare but highly 
lethal tumor. Although it comprises only 0.2% 
to 1.3% of all eyelid tumors, it is the most 
malignant tumor of the eyelid, with mortality 
estimated from 6% to 30%.'* The tumor charac- 
teristically develops late in life, and the average 
age of patients at diagnosis is 61 years. In 
patients with meibomian carcinoma before the 
age of 40 years, the tumor usually has occurred 
after radiation therapy either for retinoblasto- 
maë or cavernous hemangioma.’ Our patient 
developed carcinoma at a young age without 
apparent exposure to any known carcinogen or 
radiation. In females, the tumor incidence is 1.5 
to 2.75 times greater than in males.’ 

This lesion clinically resembles other less 
aggressive eyelid lesions. It is often mistaken 
for chalazion, which it may simulate or cause. 
The rate of growth is slow, often requiring one 
year to reach a noticeable size. The delay be- 
tween onset of symptoms and diagnosis ranges 
from one to three years. 
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A New Instrument for Use in 
Evisceration 


William L. White, M.D., 
and Donald A. Hollsten, M.D. 


Ophthalmology Service, Department of Surgery, 
Brooke Army Medical Center. The opinions or asser- 
tions contained herein are the private views of the 
authors and are not to be construed as reflecting the 
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views of the Department of the Army or the Depart- 
ment of Defense. 


Inquiries to LTC. Donald A. Hollsten, M.D., M.C., 
U.S.A., Ophthalmology Service, Department of Surgery, 
Brooke Army Medical Center, Ft. Sam Houston, TX 
78234-6200. 

Archer and Hurwitz’ stated that evisceration 
is preferable to enucleation to achieve better 
appearance, less orbital disruption, less enoph- 
thalmos, and better motility. Dermis-fat grafts 
used in conjunction with evisceration have also 
been proven to be a worthwhile procedure.’ 
Although sympathetic ophthalmia after evisce- 
ration is rare, it has been reported.* Given the 
increase in frequency of this procedure in our 
institution and the desire to remove as much 
uveal tissue as possible, we have used an instru- 
ment smaller than the standard 12-mm (or 
8-mm) Bunge evisceration spoons (Storz, Inc., 
St. Louis, Missouri). 

The Rhoton spatulas (Codman and Shurtleff, 
Inc., Randolph, Massachusetts) are a collection 
of titanium instruments used in neurosurgical 
dissections. We have found two of them to be 
particularly useful in performing eviscerations. 





Figure (White and Hollsten). Rhoton round dissec- 
tor, No. 3 (left) and sharp dissector, No. 5 (right). 


The sharp dissector, No. 5, is bent at a mild 
angle and allows for easy disinsertion of the 
anterior uveal elements (Figure). The round 
dissector, No. 3, is bent at a more acute angle 
with a 3.3-mm disk, which provides easier 
posterior manipulation and transsection of the 
optic nerve fibers. Since both instruments have 
a dull finish, they are especially well suited for 
use with the operating microscope, which we 
use routinely for all eviscerations. 
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Flavobacterium meningosepticum 
Keratitis Successfully Treated With 
Topical Trimethoprim- 
Sulfamethoxazole 


Frank A. Bucci, Jr., M.D., 
and Edward J. Holland, M.D. 


Department of Ophthalmology, University of Minne- 
sota School of Medicine. 


Inquiries to Edward J. Holland, M.D., Department of 
Ophthalmology, UMHC Box 493, 516 Delaware St. S.E., 
Minneapolis, MN 55455. 

Flavobacterium meningosepticum is a known 
cause of rare epidemics of fatal neonatal 
meningitis. Isolation of these bacteria from an 
ocular infection has been reported.’ We treated 
a patient with F. meningosepticum keratitis 
successfully with topical trimethoprim-sulfa- 
methoxazole. Treatment with topical trimetho- 
prim-sulfamethoxazole has been reported in 
three cases of keratitis caused by Nocardia as- 
teroides.*" 

An 82-year-old woman witha history of glau- 
coma secondary to a central retinal vein occlu- 
sion and subsequent enucleation of the right 
eye had a red, painful left eye. A central trophic 
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corneal ulcer secondary to trichiasis, dry eye, a 
poor blink reflex, and exposure was diagnosed. 
Despite medical therapy, the condition pro- 
gressed to a central corneal perforation six 
months later. Cyanoacrylate gluing was unsuc- 
cessful. An 8.2-mm lamellar corneal graft was 
sutured into a 7.7-mm recipient bed. A punctate 
epithelial keratopathy of the lamellar graft 
developed into a persistent epithelial defect. 
This defect healed after a large lateral tarsor- 
rhaphy was performed. 

Nine months after the lamellar graft, the 
patient had a large nasal epithelial defect. The 
lateral tarsorrhaphy was intact. After maximum 
lubrication and taping the eyelid closed at 
night, but the persistent epithelial defect did 
not resolve. When a corneal infiltrate and dis- 
charge developed, infectious keratitis was sus- 
pected. Cultures were obtained from corneal 
scrapings, and the patient was given fortified 
vancomycin hydrochloride (33 mg/ml) and to- 
bramycin (15 mg/ml) eyedrops every hour. The 
initial Gram stain showed no organisms. A 
single colony was observed at 48 hours. A Gram 
stain of this colony at 72 hours disclosed a 
gram-negative rod. At 96 hours, the organism 
was identified as F. meningosepticum. This or- 
ganism was resistant to all antibiotics tested, 
except trimethoprim-sulfamethoxazole, and 
was intermediately sensitive to gentamicin sul- 
fate. The organism was resistant to amikacin, 
tobramycin, chloramphenicol, piperacillin so- 
dium, ticarcillin, ampicillin, tetracycline, and 
various cephalosporin derivatives. 

No improvement was observed during the 
four-day period before identifying the organ- 


™~ 


a 





< ae 
a“ 
+ ` mmer 


Figure (Bucci and Holland). Slit-lamp photomicro- 
graph of the corneal ulcer at the time F. meningosepti- 
cum was identified. 


ism (Figure). Sulfacetamide 30% and fortified 
gentamicin sulfate (15 mg/ml) eyedrops given 
every hour for five days yielded no improve- 
ment. Trimethoprim (16 mg/ml) and sulfa- 
methoxazole (80 mg/ml) eyedrops prepared 
directly from the commercial intravenous solu- 
tion were administered every 30 minutes while 
the patient was awake and every hour while 
asleep. Significant clinical improvement was 
observed within three days, and the trimetho- 
prim-sulfamethoxazole eyedrops were de- 
creased to every two hours while awake and 
every four hours while asleep. The corneal 
infiltrate and epithelial defect gradually re- 
solved over a period of 12 days. The patient was 
discharged on a regimen of trimethoprim-sulfa- 
methoxazole four times a day, which was ta- 
pered over a two-week period. 

Flavobacterium meningosepticum is a nonfer- 
menting, aerobic, gram-negative bacillus in the 
same genera as Pseudomonas species and is 
most widely known as a cause of neonatal 
meningitis. It is not a part of the normal ocular 
flora. It produces a yellow pigment that helps 
distinguish it from nonpigmented strains of P. 
aeruginosa. As observed in our patient, F. me- 
ningosepticum is characterized by a limited 
spectrum of antimicrobial sensitivity. It is usu- 
ally resistant to most antibiotics tested, includ- 
ing the aminoglycosides. It has been reported 
to be sensitive to rifampin, erythromycin, and 
trimethoprim-sulfamethoxazole. Isolation of 
an atypical Pseudomonas species with an unusu- 
al antibiotic sensitivity pattern, as observed in 
another ocular infection reported from this or- 
ganism,’ should alert the clinician to consider F. 
meningosepticum in the differential diagnosis. 

The pathogenicity of P. aeruginosa is derived 
from the production of an elastase with proteo- 
lytic activity. Flavobacterium meningosepticum 
also produces an elastase structurally similar to 
that produced by Pseudomonas species. Animal 
experiments have demonstrated a lower viru- 
lence of the elastase isolated from strains of F. 
meningosepticum.” Proteolytic activity has been 
absent in selected samples of elastase isolated 
from various strains of this organism. Addition- 
ally, the production of a keratitis in rabbits 
required many more whole viable cells of F. 
meningosepticum when compared with P. aeru- 
ginosa. This helps explain the rare occurrence 
of ocular infections caused by these bacteria, 
although the actual incidence may be some- 
what greater than the number of reported cases 
would indicate. The compromised ocular sur- 
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face of our patient probably explains why the 
eye was infected by an organism demonstrating 
such a relatively low level of virulence. 
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Pneumocystis carinii Choroiditis After 
Long-term Aerosolized Pentamidine 
Therapy 


EDITOR: 

We read with interest the article ““Pneumo- 
cystis carinii choroiditis after long-term aero- 
solized pentamidine therapy,” by P. U. 
Dugel, N. A. Rao, D. J. Forster, L. P. Chong, 
G. T. Frangieh, and F. Sattler (Am. J. Oph- 
thalmol. 110:113, August 1990). We agree that 
an early ophthalmic examination may detect 
extrapulmonary P. carinii infections before 
there are any clinical signs of disseminated 
disease elsewhere in patients with acquired 
immunodeficiency syndrome receiving pro- 


phylactic treatment with aerosolized pentami- 
dine. We believe, however, that two points 
deserve emphasis. Firstly, some of these pa- 
tients may have no visual complaints as well 
as normal visual acuity despite extensive cho- 
roidal lesions involving the macula.’ Thus, 
routine ophthalmic screening is certainly de- 
sirable. Secondly, as the authors point out, it 
is likely that both of their patients may have 
had occult dissemination of P. carinii to other 
organs. Unfortunately, there is no mention in 
their article of the performance of gallium 
scans. This procedure is useful in detecting P. 
carinii lesions in the lungs and elsewhere.” 
For instance, we recently examined a patient 
with AIDS and P. carinii choroiditis who used 
aerosol pentamidine prophylaxis. The only 
other evidence of extrapulmonary dissemina- 
tion was the presence of increased uptake of 
gallium in the thyroid gland. This would not 
have been detected with abdominal computed 
tomography or any of the other tests per- 
formed by the authors. Involvement of the 
thyroid gland with P. carinii has been previ- 
ously reported.” 

We wish to emphasize the importance of 
ophthalmic screening even in visually asymp- 
tomatic patients with AIDS who receive aero- 
solized pentamidine prophylaxis and the use 
of a gallium scan in the systemic examination 
of those patients in whom choroidal lesions 
are detected. 


STEVEN A. TEICH, M.D. 
MARC ROSENBLATT, M.D. 
ALAN FRIEDMAN, M.D. 
New York, New York 
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Reply 


EDITOR: 
Drs. Teich, Rosenblatt, and Friedman are 
correct in emphasizing that asymptomatic mul- 
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tifocal choroiditis may be the first and only 
manifestation of disseminated Pneumocystis 
carinii infection. We believe, however, that 
routine gallium scan screening of such patients 
may not be useful. We have used gallium scans 
and found them to be sensitive but nonspecif- 
ic. This has been corroborated in published 
reports. Despite a sensitivity near 100%, the 
specificity in patients with AIDS and P. carinii 
pneumonia may be as low as 20%.’ Although 
isolated reports have claimed a specificity of as 
high as 95%,” pooled data on gallium scanning 
for P. carinii pneumonia in patients with AIDS 
show a sensitivity of 98% and a specificity of 
only 47%.* Until the predictive value of galli- 
um scanning for occult extrapulmonary infec- 
tions is better studied, we conclude, based 
upon our experience and the studies of P. 
carinii pneumonia, that routine gallium scan 
screening cannot be recommended. 

The significance of isolated increased thyroi- 
dal uptake of gallium, even in a patient with 
multifocal choroiditis, is unclear. The clinical 
thyroid examination of the patient mentioned 
by Drs. Teich, Rosenblatt, and Friedman was 
not described. The patient described by Gal- 
lant and associates’ demonstrated rapid en- 
largement of the thyroid gland. We recently 
examined four patients with AIDS with similar 
thyroid gland enlargement that was proved to 
be caused by P. carinii by fine needle aspira- 
tion. Therefore, without clinical findings, the 
meaning of a positive gallium scan is unclear. 

Rao and associates’ have shown that patients 
with P. carinii choroiditis inevitably have dis- 
semination to many organ systems. We believe 
that all patients with previous P. carinii pneu- 
monia while taking aerosolized pentamidine 
and multifocal choroiditis should be treated 
with intravenous pentamidine (4 mg/kg of 
body weight per day) or trimethoprim (20 mg/ 
kg of body weight per day) and sulfamethoxa- 
zole (100 mg/kg of body weight per day) for 
three weeks, regardless of any imaging studies. 
Such prompt diagnosis and treatment may in- 
deed preserve sight and life. 


PRAVIN U. DUGEL, M.D. 
NARSING A. RAO, M.D. 
DAVID J. FORSTER, M.D. 
LAWRENCE P. CHONG, M.D. 
GEORGE T. FRANGIEH, M.D. 
FRED SATTLER, M.D. 

JOHN A. LOPRESTI, M.D. 
Los Angeles, California 
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The Gradient Filter Test to Assess 
Amblyopia 


EDITOR: 

In the article “The gradient filter test to as- 
sess amblyopia,” by R. V. Keech and P. J. Kut- 
schke (Am. J. Ophthalmol. 110:57, July 1990), 
a set of calibrated fog filter and prism lenses 
was proposed to assess visual acuity indirectly 
in amblyopic eyes. The fog prism lens is placed 
in front of the normal fixing eye and the great- 
est density filter, which causes a switch in fixa- 
tion, is noted as an indirect measurement of 
visual acuity. This test is a variant of the test 
proposed by Cadera and associates’ and is sub- 
ject to the same criticism.” These two tests, like 
the red filter bar test of Bagolini,* measure 
suppression. Suppression is a binocular phe- 
nomenon, and there is no theoretical or practi- 
cal basis for correlating it with monocularly 
determined visual acuity. 

I described two patients who maintained fix- 
ation with the dominant eye after successful 
amblyopia treatment, even though visual acu- 
ity in the dominant eye was reduced compared 
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to that of the amblyopic eye.’ The findings in 
these patients showed that the pattern of fixa- 
tion is not an index of monocular visual acu- 
ity. Suppression is produced by an active inhi- 
bition from the afferences of the fixing eye. 
Altering the sharpness of the image perceived 
by the fixing eye results in an indirect mea- 
surement of this inhibitory process and not in 
an indirect measurement of visual acuity of the 
amblyopic eye. Suppression and visual acuity 
are two different measurements, even if both 
generally improve after occlusion therapy. This 
correlation, however, is not absolute. Two pa- 
tients described by Dr. Keech and Ms. Kut- 
schke showed an improvement in visual acuity 
not detected by the gradient filter test. For 
these reasons, the gradient filter test, unlike 
forced choice preferential looking methods, 
cannot be considered as a test for visual acuity 
measurements. 

I agree that, in the preverbal child with stra- 
bismus, the assessment of fixation is a useful 
method for monitoring amblyopia treatment. | 
agree also that the gradient filter test may be 
useful in detecting a reduction of suppression. 
I my opinion, however, to speak of this test 
in terms of visual acuity is incorrect. 


MARCO NARDI, M.D. 
Cagliari, Italy 
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Reply 


EDITOR: 

We appreciate Dr. Nardi’s comments regard- 
ing the differences between subjective visual 
acuity tests and pattern preference methods, 
such as the gradient filter test. Despite his con- 


tention that the gradient filter test measures 
suppression and has no basis for correlating 
with visual acuity, we believe there is consid- 
erable evidence to support the value of this 
test in detecting a change in visual acuity be- 
tween the amblyopic and nonamblyopic eye of 
a patient. As Dr. Nardi agrees, the use of fixa- 
tion pattern methods as a means for evaluating 
amblyopia treatment is well established.’ This 
is thought to be because the fixation response 
correlates with the visual acuity difference be- 
tween the normal and amblyopic eyes of pa- 
tients. 

We are aware that fixation pattern methods 
do not correlate well with visual acuity meas- 
urements in older individuals, such as in the 
patients Dr. Nardi described, or in patients 
with little or no ocular misalignment. The gra- 
dient filter test and other fixation preference 
tests, however, are intended to be used in pre- 
verbal children in whom there is a good corre- 
lation between fixation response and visual 
acuity.” In patients with little or no ocular mis- 
alignment, the visual acuity difference between 
the amblyopic and nonamblyopic eyes can be 
assessed accurately when the fixation pattern 
is tested with a 10-diopter base-down prism 
placed over one eye. This technique is thought 
to be more accurate than a standard fixation 
preference test because the prism places the 
object of regard in the amblyopic eye outside 
the suppression scotoma when the patient is 
fixing with the normal eye.” For this reason, 
the gradient filter test incorporates a 12-diop- 
ter base-down prism with the calibrated fog 
filters. 

Dr. Nardi notes that subjective visual acuity 
improved during a single patching episode in 
two patients in our study without an equiva- 
lent improvement documented with the gradi- 
ent filter test. He cites this as evidence that the 
gradient filter test measures suppression and 
not visual acuity. It should be emphasized that 
both of these patients had minimal improve- 
ment in subjective visual acuity during the 
specified patching episodes. Visual acuity im- 
proved in one patient from 20/60 to 20/50 
with linear illiterate E test and in the other 
patient from 20/60 to 20/50 with Allen pic- 
tures. In the ten other patching episodes docu- 
mented in the study, the optotype tests and 
the gradient filter test both detected an im- 
provement in visual acuity. It should be appar- 
ent, therefore, that the gradient filter test can 
identify accurately a change in visual acuity 
between the amblyopic and nonamblyopic eyes 
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of children undergoing occlusion treatment for 
amblyopia by quantitating a change in fixation 
preference. 


RONALD V. KEECH, M.D. 
PAMELA J. KUTSCHKE, B.S. 
Iowa City, Iowa 
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Vitrectomy Retinotomy Aspiration 
Biopsy of Choroidal Tumors 


EDITOR: 

In the article “‘Vitrectomy retinotomy aspira- 
tion biopsy of choroidal tumors,” by D. M. 
Fastenberg, P. T. Finger, Q. Chess, J. H. 
Koizumi, and S. Packer (Am. J. Ophthalmol. 
110:361, October 1990), the authors describe a 
new biopsy technique for choroidal tumors in- 
volving vitrectomy, retinotomy, and tumor bi- 
opsy. 

Apparently the use of vitrectomy instrumen- 
tation should differentiate their technique from 
others. With brief literature search they would 
have found that vitrectomy has been an indis- 
pensable part of the method of internal resec- 
tion I have described in animals and humans.!* 
I wonder, however, if it is prudent to go to the 
trouble of performing a vitrectomy and reti- 
notomy and leave the remaining tumor inside 
the eye when it is possible to remove it com- 
pletely. 


GHOLAM A. PEYMAN, M.D. 
New Orleans, Louisiana 
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Reply 


EDITOR: 

We acknowledged Dr. Peyman’s work on the 
use of vitrectomy instrumentation in the man- 
agement of uveal melanomas.’ The purpose of 
our article was to offer an alternative biopsy 
technique to that of a fine needle aspiration 
biopsy.” We believe that vitrectomy retinotomy 
aspiration biopsy may have advantages over 
that technique in terms of offering more con- 
trol, minimizing complications, and possibly 
delivering more tumor for cytopathologic test- 
ing. 

In response to the question as to whether it 
is prudent to leave remaining tumor tissue in 
the eye after biopsy, we must note that in 
those eyes found to have choroidal melano- 
mas, treatment either by plaque therapy or 
enucleation was recommended. We emphasize 
that our procedure is offered only as a biopsy 
technique. 


DAVID M. FASTENBERG, M.D. 
PAUL T. FINGER, M.D. 
QUINTUS CHESS, M.D. 
SAMUEL PACKER, M.D. 
Manhasset, New York 

JUNE H. KOIZUMI, M.D. 
New York, New York 
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BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 





Thyroid Eye Disease, ed. 2. By Devron H. Char. 
New York, Churchill Livingstone Inc., 1990. 229 
pages, index, illustrated. $59.95 


Reviewed by JOEL WEINSTEIN 
Madison, Wisconsin 


The diagnosis and treatment of thyroid oph- 
thalmopathy has been a troublesome area since 
this disorder was first recognized almost 200 
years ago. In the first edition of this book, 
published in 1985, the author’s stated purpose 
was to “consolidate current ideas of pathogene- 
sis, diagnosis, and management.” The first edi- 
tion succeeded admirably in synthesizing this 
complex area and in providing the practitioner 
with a rational basis for diagnostic and thera- 
peutic decisions. The second edition has 
changed little from the first. 

The early chapters elucidate the normal regu- 
latory mechanisms for thyroid hormone syn- 
thesis and describe the biochemical and immu- 
nologic tests used in the diagnosis of thyroid 
disease. The author provides a useful protocol 
for detection of thyroid abnormalities in those 
patients whose orbital signs are not diagnostic 
of Graves’ disease. Later chapters discuss the 
natural progression of Graves’ disease and the 
details of various therapeutic modalities in- 
cluding corticosteroids, immunosuppressives, 
radiation, and surgery. Although not all spe- 
cialists would agree with all of the author’s 
therapeutic recommendations (for example, the 
use of radiation therapy for soft tissue inflam- 
mation without visual loss), each chapter is 
thoroughly referenced, and the reader who 
senses a controversial or difficult area has all of 
the current and historic references provided for 
personal decision making. 

This book is the best comprehensive review 
of this difficult and complex subject. It will be a 
valuable addition to the library of any practic- 
ing ophthalmologist. 


Normal Pressure Glaucomas. By Alain Bech- 
etoille. France, Service Ophtalmologie, 1990. 
259 pages, index, illustrated. $52 


Reviewed by PIERRE BLONDEAU 
Sherbrooke, Canada 


This is a collection of the papers and posters 
presented at an international symposium on 
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normal pressure glaucoma held in Angers, 
France, in June 1989. The symposium was held 
to honor Dr. Stephen Drance’s contribution to 
this area of glaucoma research. Representatives 
of nine different countries, with the largest 
representation being from France, attended this 
meeting. 

The text is subdivided into a paper section 
and a poster section. It begins with a biography 
of Albrecht von Graefe, who first described 
normal pressure glaucoma. Dr. Drance then 
summarizes current views on the topic. 

Topics include optic nerve development and 
anatomy, biomorphometry of the optic disk by 
image analysis, and nerve fiber layer photogra- 
phy. The contributions made to glaucomatous 
optic neuropathy by the blood supply of the 
optic nerve head, axonal transport disturbanc- 
es, and mechanical factors are described. 

An unusual feature of this book is that all the 
papers are printed side-by-side in both French 
and English. The text of the original language is 
in one typeface, but the translation is always in 
another. If one reads only in English, the type- 
face keeps changing, and this is disconcerting 
until the logic is understood. The translations 
are, for the most part, excellent. There are rare 
mistakes that change the meaning of the sen- 
tence and occasionally a sentence is entirely 
missing. The tables and figures remain in the 
original language, but the legends to the figures 
are published in French and English. 

This short text presents our current under- 
standing of normal pressure glaucoma and out- 
lines future areas of research. It will be a 
valuable source of information to any ophthal- 
mologist or resident interested in this common 
condition that challenges our understanding of 
glaucoma. When we understand normal pres- 
sure glaucoma we will be well on our way to 
understanding the process of glaucomatous op- 
tic nerve damage. 


Books Received 


Vom Helmholtz-Augenspiegel zur Funduska- 
mera. By Alfred Schett. Switzerland, Verlag 
Sauerlander, 1990. 82 pages, index, illustrated. 
(No price given) 


This monograph is a catalog of the collection 
of old ophthalmoscopes and related instru- 
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ments in the Museum of the History of Medi- 
cine of the University of Zurich. There are 
photographs of each item, beginning with 
Helmholtz’s first instrument in 1851. By 1870, 
most ophthalmoscopes contained a rotary rack 
of lenses and were becoming increasingly com- 
pact and portable. 

In the 1920s and 1930s electric ophthalmo- 
scopes became available, with considerable loss 
in portability. Table-top instruments with im- 
proved optics appeared, which were the precur- 
sors of the fundus camera. 

This book, which is carefully and thoroughly 
annotated by Alfred Schett, will be prized by 
instrument collectors and historians. 


Year Book of Ophthalmology 1990. Edited by 
Peter R. Laibson. St. Louis, Mosby-Year Book, 
1990. 262 pages, index, illustrated. $54.95 


A fascinating guided tour through the oph- 
thalmic literature of 1989-1990 led by the Wills 
Eye Hospital faculty. 





The Book List 


Atlas of Ophthalmic Surgery. By Norman S. 
Jaffe. Philadelphia, J. B. Lippincott, 1989. 320 
pages, index, illustrated. $175 


Cataract Surgery. Alternative Small-Incision 
Techniques. Edited by George W. Rozakis. 
Thorofare, Slack, Inc., 1990. 194 pages, index, 
illustrated. $95 (videotape included) 


Clinical Tests of Vision. By Lars Frisen. New 
York, Raven Press, 1990. Softcover, 212 pages, 
index, illustrated. $59 


Handbook of Ocular Drug Therapy and Ocular 
Side Effects of Systemic Drugs. By Deborah 
Pavan-Langston and Edmund C. Dunkel. Bos- 
ton, Little, Brown and Company, 1990. Soft- 
cover, 464 pages, index, illustrated. $32.50 


Lens Implant Power Calculation, ed. 3. By John 
A. Retzlaff, Donald R. Sanders, and Manus 
Kraff. Thorofare, Slack, Inc., 1990. Softcover, 
58 pages, illustrated. $20 


Manual of Visual Fields. By Elliot B. Werner. New 
York, Churchill Livingstone, Inc., 1990. Soft- 
cover, 238 pages, index, illustrated. $39 


Ophthalmology Clinics of North America. By 
Everett Ai and William R. Freeman. Philadel- 
phia, W. B. Saunders, 1990. 536 pages, index, 
illustrated. $31 


Practical Management of Squint. By Graham 
Pittar. Wahroonga, Australia, Turton & Arm- 
strong Pty. Ltd., 1990. 341 pages, index, illus- 
trated. $147 


Retinal Nerve Fiber Layer Photography. By Lou- 
is W. Roloff. Thorofare, Slack, Inc., 1990. 174 
pages, illustrated. $90 


Visual Allusions. Pictures of Perception. By 
Nicholas Wade. East Sussex, England, Law- 
rence Erlbaum Associates, Ltd., 1990. 288 
pages, index, illustrated. $42.95 





ABSTRACT DEPARTMENT 


Edited by Michael A. Kass, M.D. 





Cloning of a gene that is rearranged in pa- 
tients with choroideraemia. Cremers, 
F. P. M.*, van de Pol, D. J. R., van Kerkhoff, 
L. P. M., Wieringa, B., and Ropers, H.-H.: Na- 
ture 347:674, 1990. 


CHOROIDEREMIA, GENETICS 


Choroideremia, a common form of X-linked 
blindness, is characterized by progressive dys- 
trophy of the choroid, retinal pigment epitheli- 
um, and retina. Using reverse genetic strate- 
gies, the authors isolated eight overlapping 
complementary DNA clones from the same 
chromosomal region. The corresponding gene 
was expressed in retina, choroid, and retinal 
pigment epithelium. The cDNAs encompassed 
an open reading frame of 948 base pairs that 
was structurally altered in eight patients with 
choroideremia with deletions, and in a woman 
with a balanced translocation involving the 
Xq21 region of the X chromosome. These 
findings provide strong evidence that the 
authors have cloned the gene underlying cho- 
roideremia. Elucidation of its function should 
provide new insights into the molecular mecha- 
nisms responsible for this disorder.—Michael 
A. Kass 


*Department of Human Genetics, University Hospi- 
tal, University of Nijmegen, P.O. Box 9101, 6500 HB 
Nijmegen, The Netherlands. 


Retinal degeneration in the rd mouse is 
caused by a defect in the B subunit of rod 
cGMP-phosphodiesterase. Bowes, C., Li, T., 
Danciger, M., Baxter, L. C., Applebury, M. L., 
and Farber, D. B.*: Nature 347:677, 1990. 


RETINAL DEGENERATION, RETINITIS PIGMENTOSA, 
GENETICS 


Mice homozygous for the rd mutation devel- 
op a retinal degeneration that is a model for 
human retinitis pigmentosa. In affected ani- 
mals, the retinal rod photoreceptors begin de- 
generating at approximately postnatal Day 8, 
and by four weeks no photoreceptors remain. 
Degeneration is caused by deficient activity of 
the rod photoreceptor cGMP-phosphodiester- 
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ase, which causes an accumulation of cyclic 
GMP in the retina. The authors isolated a candi- 
date complementary DNA for the rd gene from 
a mouse retinal library and completed the char- 
acterization of cDNAs encoding all subunits of 
bovine photoreceptor phosphodiesterase. The 
candidate cDNA showed strong homology with 
a cDNA encoding the bovine phosphodiester- 
ase B subunit. It seems likely that the normal 
counterpart of the rd gene encodes the rod 
photoreceptor cGMP-phosphodiesterase B sub- 
unit.—Michael A. Kass 


*Jules Stein Eye Institute, University of California, 
Los Angeles, School of Medicine, Los Angeles, CA 
90024. 


Displacement of bag-placed hydrogel lenses 
into the vitreous following neodymium:YAG 
laser capsulotomy. Levy, J.H.*, Pisacano, 
A. M., and Anello, R. D.: J. Cataract Refract. 
Surg. 16:563, 1990. 


HYDROGEL INTRAOCULAR LENS, YAG 
CAPSULOTOMY, DISLOCATED IMPLANT 


In two patients hydrogel intraocular lens im- 
plants dislocated posteriorly into the vitreous 
after YAG laser capsulotomy. Both patients had 
had cataract surgery, including capsulorhexis, 
and insertion of a hydrogel lens by a syringe 
technique. Both patients underwent YAG cap- 
sulotomy seven weeks after cataract surgery. 
No movement of the implants was observed at 
the time of the operation. Two weeks after laser 
treatment, however, the patients had decreased 
visual acuity, and the implants were in the 
vitreous. The dislocated hydrogel lenses were 
removed, and the patients received polymeth- 
ylmethacrylate implants in the sulcus. It is not 
clear whether this represents a chance occur- 
rence or if there is some underlying problem 
with this type of implant.—Michael A. Kass 


*New York Eye Surgery Center, 1101 Pelham Pkwy. 
N., Bronx, NY 10469. 


Visual results and complications of trans- 
sclerally sutured intraocular lenses in pene- 
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trating keratoplasty. Heidemann, D. G.*, and 
Dunn, S. P.: Ophthalmic Surg. 21:609, 1990. 


SUTURED POSTERIOR CHAMBER IMPLANTS, 
PENETRATING KERATOPLASTY 


Fifty-six consecutive patients underwent 
penetrating keratoplasty with transscleral fixa- 
tion of posterior chamber implants. The follow- 
up ranged from three to 28 months (mean, 11.1 
months). Postoperative visual acuity improved 
in 46 patients (82%), remained the same in 
eight (14%), and worsened in two (3.6%). In 32 
patients with at least ten months of follow-up, 
visual acuity as measured with a pinhole or 
hard contact lens was 20/40 or better in 12 
(38%), 20/50 to 20/100 in ten (31%), and 
20/200 or worse in ten (31%). There were 
minimal problems with lens decentration, tilt, 
or infections related to the scleral sutures. 
Glaucoma was the most common cause of de- 
creased vision in patients with ten or more 
months of follow-up. Three patients (5.4%) 
developed rhegmatogenous retinal detach- 
ments early in the postoperative course. A pro- 
spective randomized trial will be necessary to 
compare the results of penetrating keratoplasty 
with implantation of anterior chamber intraoc- 
ular lenses to penetrating keratoplasty with 
implantation of transsclerally sutured posterior 
chamber lenses.—Michael A. Kass 


*Michigan Cornea Consultants, Southfield, MI 
48013. 


The human lens after 48 weeks of treatment 
with lovastatin. Laties, A. M., Keates, E. U., 
Taylor, H. R., Chremos, A. N., Shear, C. L., 
Lippa, E. A., Gould, A. L., and Hurley, D. P.: N. 
Engl. J. Med. 323:683, 1990. 


CHOLESTEROL, LOVASTATIN, LENS OPACITIES 


There has been some concern about whether 
lovastatin causes lens opacities. The authors 
summarize the ophthalmic findings of 8,245 
patients who were on a cholesterol-lowering 
diet and who participated in a 362-center, ran- 
domly assigned, double-masked, placebo-con- 
trolled study lasting 48 weeks. Five groups of 
patients, each consisting of approximately 
1,650 patients, received placebo, 20 mg of 
lovastatin once daily, 20 mg twice daily, 40 mg 
once daily, or 40 mg twice daily. At baseline 


and after 24 and 48 weeks, the lens of each eye 
was assessed by slit-lamp examination after 
dilation of the pupil. From 79% to 82% of the 
patients in each group completed the study and 
provided data for analysis. Analysis of the dis- 
tribution of cortical, nuclear, and subcapsular 
opacities at 48 weeks showed no significant 
differences between the placebo and lovastatin 
groups. The placebo and lovastatin groups also 
did not differ in the incidence of visual acuity 
reduction of two lines or more. Thus, as of 48 
weeks, there was no obvious effect of lovastatin 
on the human lens.—Michael A. Kass 


Subconjunctival THC:YAG laser limbal scle- 
rostomy ab externo in the rabbit. Hoskins, 
H. D., Jr.*, lwach, A. G., Drake, M. V., Schus- 
ter, B. L., Vassiliadis, A., Crawford, J. B., and 
Hennings, D. R.: Ophthalmic Surg. 21:589, 
1990. 


LASER FILTERING SURGERY 


A chromium-sensitized, and thulium and 
holmium-doped YAG laser (THC:YAG laser) 
was used to create bilateral limbal sclero- 
stomies in six Dutch pigmented rabbits. The 
laser is a long-pulsed (300 ms), compact, self- 
contained, solid-state laser operating in the 
near infrared (2.1 pm). A 1-mm conjunctival 
stab incision was made 12 mm away from the 
sclerostomy site to allow entry of a specially 
designed 26-gauge (480 um) optic probe that 
delivers energy at right angles to the long axis 
of the fiber. Probe insertion minimally dis- 
turbed the conjunctiva. Pulse energies of 60 to 
150 mJ were used with a repetition rate of 5 
pulses/s. Energy levels ranging from 1.35 to 
6.6 J produced full-thickness sclerostomies. 
Histopathology showed a sharply defined per- 
forating limbal wound at all energy levels. The 
overlying conjunctiva was intact, with swelling 
of the adjacent cornea. A peripheral iridectomy 
was intentionally created with the laser 
through the peripheral limbus, resulting in a 
sharply defined perforating tract through the 
iris/ciliary body. This technique may simplify 
filtering sclerostomy surgery, without anterior 
chamber instrumentation and with minimal 
conjunctival trauma.—Authors’ abstract 


*Foundation for Glaucoma Research, 490 Post St., 
Ste. 830, San Francisco, CA 94102. 
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Reversal of experimental parkinsonism by 
lesions of the subthalamic nucleus. Bergman, 
H.*, Wichmann, T., and DeLong, M. R.: Sci- 
ence 249:1436, 1990. 


PARKINSON’S DISEASE, SUBTHALAMIC NUCLEUS 


Although it is known that Parkinson’s dis- 
ease results from a loss of dopaminergic neu- 
rons in the substantia nigra, the resulting alter- 
ations in activity in the basal ganglia 
responsible for parkinsonian motor deficits are 
still poorly characterized. Recently, increased 
activity in the subthalamic nucleus has been 
implicated in the motor abnormalities. To test 
this hypothesis, the effects of lesions of the 
subthalamic nucleus were evaluated in mon- 
keys rendered parkinsonian by treatment with 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP). The lesions reduced all of the major 
motor disturbances in the contralateral limbs, 
including akinesia, rigidity, and tremor. This 
result supports the postulated role of excessive 
activity in the subthalamic nucleus in Parkin- 
son’s disease.—Authors’ abstract 


*Department of Neurology, Johns Hopkins Hospital, 
Baltimore, MD 21205. 


Saccadic eye movements in essential bleph- 
arospasm. Lueck, C. J., Tanyeri, S., Crawford, 
T. J., Elston, J. S., and Kennard, C.*: J. Neurol. 
237:226, 1990. 


ESSENTIAL BLEPHAROSPASM, OCULAR 
MOVEMENTS, BASAL GANGLIA DISORDER 


To provide evidence of an organic pathology 
for essential (idiopathic) blepharospasm, reflex 
saccadic eye movements in response to ran- 
domly stepped visual targets were assessed in 
seven affected patients and seven age-matched 
controls using the magnetic scleral search coil 
technique. The results indicate a significant 
prolongation in latency and a reduction in gain 
of horizontal saccades, and an increase in laten- 
cy and reduction of peak velocity of large 
downward saccades. These findings suggest an 
organic component to the aetiology of blepha- 
rospasm, the pathology of which also appears 
to involve the oculomotor system. The pattern 
of the oculomotor disorder does not allow spe- 
cific localisation but is consistent with the un- 


derlying pathology being localised in the basal 
ganglia.—Authors’ abstract 


*Department of Neurology, London Hospital, White- 
chapel, London E1 1BB, United Kingdom. 


A prospective study of the development of 
diabetes in relatives of patients with insulin- 
dependent diabetes. Riley, W. J.*, Maclaren, 
N. K., Krischer, J., Spillar, R. P., Silverstein, 
J. H., Schatz, D. A., Schwartz, S., Malone, J., 
Shah, S., Vadheim, C., and Rotter, J. l.: N. 
Engl. J. Med. 323:1167, 1990. 


CYTOPLASMIC ISLET-CELL AUTOANTIBODIES, 
INSULIN-DEPENDENT DIABETES MELLITUS, RISK 
FACTOR 


It is now well established that insulin-depen- 
dent diabetes mellitus is an autoimmune disor- 
der. The presence of cytoplasmic islet-cell auto- 
antibodies has been recognized as a risk factor 
for the development of diabetes in relatives of 
patients with insulin-dependent diabetes. The 
authors studied 4,015 initially nondiabetic rela- 
tives of patients with insulin-dependent diabe- 
tes to determine whether the presence of the 
cytoplasmic islet-cell autoantibodies was a risk 
factor and how this interrelated with other risk 
factors. Of the 4,015 nondiabetic relatives, 125 
(3.1%) had islet-cell antibodies in their initial 
serum samples. Of these individuals 40 eventu- 
ally developed insulin-dependent diabetes. Is- 
let-cell antibodies were most common in rela- 
tives who were younger than 20 years of age 
and in those from families with more than one 
affected member. Of these 40 patients, 27 
(67.5%) of the relatives in whom diabetes 
developed had positive tests for islet-cell anti- 
bodies before the diagnosis of insulin-depen- 
dent diabetes, which gave a relative risk of 68 
(95% confidence interval, 34 to 134). Thus, it 
appears that nondiabetic relatives of individ- 
uals with insulin-dependent diabetes mellitus 
who are in the first two decades of life, are 
members of families in whom there is more 
than one affected individual, and have in- 
creased titers of islet-cell autoantibodies are at 
high risk for developing insulin-dependent dia- 
betes mellitus.—Michael A. Kass 


*Department of Pathology, Box J-275, JHMHC, Uni- 
versity of Florida College of Medicine, Gainesville, 
FL 32610. 
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Ending smoking at The Johns Hopkins Medi- 
cal Institutions. An evaluation of smoking 
prevalence and indoor air pollution. Stillman, 
F. A.*, Becker, D. M., Swank, R. T., Hantula, 
D., Moses, H., Glantz, S., and Waranch, H. R.: 
JAMA 264:1565, 1990. 


NICOTINE VAPOR CONCENTRATION, 
INSTITUTIONAL SMOKING POLICY 


An empiric evaluation of a policy ending 
smoking in a large urban medical center was 
conducted. The study included a prospective 
cohort tracking of employees to measure 
changes in smoking behavior, environmental 
fires, smoking-related litter, and environmental 
tobacco pollution exposure. A 25% decrease in 
employee smoking prevalence was found 
(21.7% vs 16.2% before vs after policy imple- 
mentation, respectively). The daily number of 
cigarettes reportedly smoked by employees 
who continued smoking and the total number 
smoked at work decreased across all occupa- 
tional categories by an average of 25%. Signifi- 
cant reductions were noted in the level of pub- 
lic smoking and the amount of cigarette 
remnants. Nicotine vapor concentrations de- 
creased significantly in all areas except rest- 
rooms. These findings suggest that visible 
smoking and environmental tobacco smoke ex- 
posure can be markedly decreased by institut- 
ing a policy eliminating smoking in a large 
medical center.— Authors’ abstract 


*Johns Hopkins Medical Institutions, 1830 E. Monu- 
ment St., 8037, Baltimore, MD 21205. 


llIness severity and costs of admissions at 
teaching and nonteaching hospitals. |ezzoni, 
L. 1.*, Shwartz, M., Moskowitz, M. A., Ash, 
A. S., Sawitz, E., and Burnside, S.: JAMA 
264:1426, 1990. 


HEALTH CARE COSTS 


This research examined the hypothesis that 
greater severity of illness explains the higher 
costs of hospitalizations at teaching compared 
with nonteaching hospitals. Medical records of 
4,439 cases with eight common conditions were 
reviewed at five tertiary teaching, five other 
teaching, and five nonteaching hospitals in 
metropolitan Boston. We assessed acute physi- 
ologic status, severity of the principal diagno- 


sis, comorbidities, and functional status. The 
principal diagnosis was more severe for teach- 
ing hospital patients in four conditions, but few 
significant differences were found for the other 
severity dimensions by condition. Across all 
conditions combined, except for functional sta- 
tus, severity was significantly higher at teach- 
ing hospitals, but the absolute differences were 
small. After adjusting for diagnosis related 
groups, costs were higher at tertiary teaching 
compared with other teaching and nonteaching 
hospitals. Further adjusting for severity and 
other patient characteristics explained 18% 
(90% confidence interval, 4 to 33) of the higher 
costs at tertiary compared with nonteaching 
hospitals.— Authors’ abstract 


*Division of General Medicine and Primary Care, 
Department of Medicine, Beth Israel Hospital, 330 
Brookline Ave., Boston, MA 02215. 


Predicting the appropriate use of carotid 
endarterectomy, upper gastrointestinal en- 
doscopy, and coronary angiography. Brook, 
R. H.*, Park, R. E., Chassin, M. R., Solomon, 
D. H., Keesey, J., and Kosecoff, J.: N. Engl. J. 
Med. 323:1173, 1990. 


MEDICARE, HEALTH CARE COSTS 


The authors define a procedure or service as 
appropriate if its health benefit exceeds its 
health risk by a sufficiently wide margin that 
the service or procedure is worth performing. 
Using this definition, they studied three proce- 
dures (coronary angiography, upper gastroin- 
testinal endoscopy, and carotid endarterecto- 
my) in a geographically diverse sample of 
Medicare patients. They concluded that 17% of 
the coronary angiographies, 17% of the endo- 
scopies, and 32% of the endarterectomies rep- 
resented inappropriate overuse. The authors 
then looked at the specific characteristics of the 
patients (age, sex, and race), physicians (age, 
board-certification status, and experience with 
the procedure), or hospitals (teaching status, 
profit-making status, and size) to determine 
whether these correlated with the appropriate- 
ness of the procedure. In general, they found 
that little of the variability in the appropriate- 
ness of care could be explained on the basis of 
standard, easily obtainable data about the pa- 
tient, the physician, or the hospital. For all 
three procedures, however, performance in a 
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teaching hospital increased the likelihood that 
they would consider the procedure medically 
appropriate. Angiography was more often per- 
formed for appropriate reasons in older or more 
affluent patients. Being treated by a surgeon 
who performed many rather than few proce- 
dures decreased the likelihood of an appropri- 
ate endarterectomy. The authors concluded 
that appropriateness of care cannot be closely 
predicted from easily determined characteris- 
tics of patients, physicians, or hospitals. They 
believe that if appropriateness is to be im- 
proved it will have to be assessed directly at the 
level of each patient, hospital, and physician.— 
Michael A. Kass 


*Rand Corporation, 1700 Main St., Box 2138, Santa 
Monica, CA 90406. 


The association of payer with utilization of 
cardiac procedures in Massachusetts. Wen- 
neker, M. B., Weissman, J. S., and Epstein, 
A. M.*: JAMA 264:1255, 1990. 


CARDIAC PROCEDURES, INSURANCE STATUS 


To investigate the importance of the payer in 
the utilization of in-hospital cardiac proce- 
dures, we examined the care of 37,994 patients 
with Medicaid, private insurance, or no insur- 
ance who were admitted to Massachusetts hos- 
pitals in 1985 with circulatory disorders or 
chest pain. Using logistic regression to control 
for demographic, clinical, and hospital factors, 
we found that the odds that privately insured 
patients received angiography were 80% higher 
than uninsured patients; the odds were 40% 
higher for bypass grafting and 28% higher for 
angioplasty. Medicaid patients experienced 
odds similar to those of uninsured patients for 
receiving angiography and bypass, but had 
48% lower odds of receiving angioplasty. In 
addition, the odds for Medicaid patients were 
lower than for privately insured patients for all 
three cardiac procedures. These findings sug- 
gest that insurance status is associated with the 
utilization of cardiac procedures. Future stud- 
ies should determine the implications these 
findings have for appropriateness and outcome 

-and."whether interventions might improve 
“~eare:—Authors’ abstract 


| i *Department of Health Care Policy, Harvard Medical 
‘Schodol, 25 Shattuck St., Parcel B, Boston, MA 02115. 
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The direct costs of universal precautions in a 
teaching hospital. Doebbeling, B. N.*, and 
Wenzel, R. P.: JAMA 264:2083, 1990. 


HEALTH CARE COSTS 


In 1987, the Centers for Disease Control 
outlined a policy of universal precautions, a 
barrier method of minimizing exposure to 
blood and body fluids. An analysis of the in- 
crease in expenditures for barrier isolation 
materials before and after the institution of 
universal precautions at the University of Iowa 
was used to generate a national estimate of the 
cost of implementing the new guidelines. After 
the institution of universal precautions, use of 
rubber gloves at the University of Iowa in- 
creased from 1.64 million pairs to 2.81 million 
pairs annually. A review of hospital purchasing 
and supply records in both inpatient and outpa- 
tient areas indicated that the total annual costs 
for isolation materials increased by $350,900. 
This represented an increase from $13.70 to 
$22.89 per admission after adjustment for infla- 
tion. The cost of isolation materials increased 
from $98 to $215 per 1,000 outpatient visits. 
Two thirds of the increase was because of rub- 
ber gloves and an additional 25% was because 
of disposable isolation gowns. Universal pre- 
cautions are estimated to have cost at least $336 
million in the United States in fiscal year 1989 
after adjustment for inflation. If expenditures 
for isolation materials at the University of Iowa 
are representative, previous estimates have sig- 
nificantly underestimated costs nationwide.— 
Michael A. Kass 


*Department of Internal Medicine, C-41 GH, Univer- 
sity of lowa College of Medicine, Iowa City, IA 
52242. 


Attitudes of internal medicine faculty and 
residents toward professional interaction 
with pharmaceutical sales representatives. 
McKinney, W. P.*, Schiedermayer, D. L., Lurie, 
N., Simpson, D. E., Goodman, J. L., and Rich, 
E. C.: JAMA 264:1693, 1990. 


~ PHARMACEUTICAL SALES, PHYSICIAN ATTITUDES 


We surveyed faculty and residents from seven 
hospitals affiliated with three academic internal 
medicine training programs about their percep- 
tions of the informational and service benefits 
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vs the risks of ethical compromise involved in 
interactions with pharmaceutical sales repre- 
sentatives. Questionnaires were returned by 
467 (81%) of 575 physicians surveyed. Resi- 
dents and faculty generally had somewhat neg- 
ative attitudes toward the educational and in- 
formational value of detailing activities at their 
institutions but indicated that representatives 
supported important conferences and speakers. 
Residents were more likely than faculty to per- 
ceive contacts with sales representatives as po- 
tentially influencing physician decision mak- 
ing. Sixty-seven percent of faculty and 77% of 
residents indicated that physicians could be 
compromised by accepting gifts. More than 
half of the physicians who suggested that such 
compromise was possible indicated that accept- 
ance of gifts worth more than $100 from drug 
companies would be likely to compromise a 
physician’s independence and objectivity. A 
majority of both faculty and house staff favored 
eliminating presentations by pharmaceutical 
representatives at their hospitals. Only 10% 
thought they had had sufficient training during 
medical school and residency regarding profes- 
sional interaction with sales representatives.— 
Authors’ abstract 


*Medical Service (III), Dallas Veterans Administra- 
tion Medical Center, 4500 S. Lancaster Rd., Dallas, 
TX 75216. 


Risk of developing a macular hole. Akiba, J., 
Yoshida, A., and Trempe, C. L.*: Arch. Ophthal- 
mol. 108:1088, 1990. 


MACULAR HOLE, VITREOUS TRACTION 


Forty-five eyes with early idiopathic macular 
holes were examined periodically over seven to 
87 months (mean follow-up, 32 months). At 
initial examination, 18 eyes (40%) showed vit- 
reous separation from the fovea. Over the fol- 
low-up period, an additional ten eyes (22%) 
developed vitreous separation. None of these 
28 eyes progressed to a fully developed macular 
hole during follow-up. In contrast, a fully 
developed macular hole was found in ten of the 
remaining 27 eyes (37%) without vitreous sepa- 
ration. It is possible that early stage macular 
holes can be reversed by spontaneous vitreous 
separation from the fovea.—Michael A. Kass 


“Library, Eye Research Institute, 20 Staniford St., 
Boston, MA 02114. 


A loncitudinal study of a population based 
sample of astigmatic children. 1. Refraction 
and amblyopia. Abrahamsson, M.*, Fabian, G., 
Andersson, A.-K., and Sjostrand, J.: Acta Oph- 
thalmc!. 68:428, 1990. 


ASTIGMATISM, AMBLYOPIA, STRABISMUS 


The study sample consisted of 310 children 
who had at least 1 diopter of astigmatism in one 
or bota eyes at 1 year of age. Three years later 
amblyopia was found in 23 children (7%). In- 
creasing astigmatism during the test period was 
associated with an increased risk of amblyopia. 
Most of the children showed a decrease in 
astigmatism over this three-year period. In con- 
trast in almost every child with amblyopia (vis- 
ual acuity worse than 20/40) the astigmatism 
increased or remained unchanged from age 1 to 
4 years. Strabismus and oblique astigmatism at 
any tīme during the test period were also 
strongly related to amblyopia. Independent of 
age, taere was no simple relationship between 
amblyopia and refractive error measured at a 
single test session.—Michael A. Kass 


“Department of Ophthalmology, Sahlgren’s Hospi- 
tal, S-413 45 Göteborg, Sweden. 


Staining of the conjunctiva and conjunctival 
tear film. Eliason, J. A., and Maurice, D. M.*: 
Br. J Ophthalmol. 74:519, 1990. 


LACRIMAL APPARATUS, CONJUNCTIVA, 
SULPHORHODAMINE B 


Both the distribution of tear fluid over the 
conjunctiva and any injury to the conjunctival 
epithelium can be made visible by instilling a 
fluorescent solution into the eye and observing 
with an appropriate combination of excitation 
and barrier filters. Sulphorhodamine B, which 
has en orange fluorescence that can be separat- 
ed fmom the green natural fluorescence of the 
ocular tissues, gives a greater contrast than 
fluorescein. The tear film is seen to cover the 
surface of the conjunctiva and to be concentrat- 
ed in its folds. Small circular areas of thin tear 
film appear transiently in the neighbourhood of 
the Embus after a blink. Occasional cells stain 
on tne normal conjunctiva, particularly in the 
interpaipebral area. The density of the staining 
increases in dry eye conditions. Conjunctival 
trauma is sensitively revealed by the method, 
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and its healing can be followed. Hard contact 
lenses are seen to traumatise continually the 
inferior limbal conjunctiva in symptomless 
wearers.—Authors’ abstract 


*Department of Ophthalmology A157, Stanford Uni- 
versity Medical Center, Stanford, CA 94305. 


Delayed eye and other consequences from 
exposure to methyl isocyanate. 93% follow 
up of exposed and unexposed cohorts in 
Bhopal. Andersson, N.*, Ajwani, M. K., Maha- 
shabde, S., Tiwari, M. K., Kerr Muir, M., Mehra, 
V., Ashiru, K., and Mackenzie, C. D.: Br. J. Ind. 
Med. 47:553, 1990. 


METHYL ISOCYANATE EXPOSURE, OCULAR 
IRRITATION, EYELID INFECTION, CATARACT, 
DECREASED VISUAL ACUITY 


A follow-up study three years after exposure 
to methyl isocyanate in 93% of exposed survi- 


vors and in control residents in ten Bhopali 
communities showed an excess of ocular irrita- 
tion, eyelid infection, cataract, and a decrease 
in visual acuity among the exposed group. 
Analysis of outpatient visits at the Bhopal Eye 
Hospital demonstrated that exposed individ- 
uals had a 40% increased risk of trachoma, a 
36% increased risk of other eyelid infections, 
and a 45% increased risk of irritation of the eye. 
The “Bhopal eye syndrome” thus begins with 
superficial interpalpebral erosions of the cor- 
nea and conjunctiva that heals within three 
months. After three years, however, it is now 
clear that these eyes have an increased inci- 
dence of irritation, eyelid infection, and cata- 
ract.—Michael A. Kass 


*TUC Centenary Institute of Tropical Medicine, Lon- 
don School of Hygiene and Tropical Medicine, Lon- 
don WC1, United Kingdom. 


VOLUME 111 


FEBRUARY 15 


1991 


AMERICAN JOURNAL 


OF 
OPHTHALMOLOGY 


Monthly since 1884 


@ ORIGINAL ARTICLES 


Refraction After Radial Keratotomy 
Waring, Lynn, Strahlman, Kutner, Culbertson, 
Laibson, Lindstrom, McDonald, Myers, Obstbaum, 
Rowsey, Smith, Prospective Evaluation of Radial 
Keratotomy Study Group 
Keratoplasty, Epikeratoplasty, and 
Keratoconus 
Goosey, Prager, Goosey, Bird, Sanderson 


Endoscopic Laser-Assisted Lacrimal Surgery 
Gonnering, Lyon, Fisher 


Intraocular Lens Implantation and Diabetic 
Retinopathy 


Ruiz, Saatci 


Delayed-Onset Pseudophakic 
Endophthalmitis 
Fox, Joondeph, Flynn, Pflugfelder, Roussel 


Cataract Extraction After Scleral Buckling 
Ruiz, Saatci 


Fluorophotometric Analysis of Lens Changes 
Ogura, Takanashi, Ishigooka, Ogino 


Apraclonidine After Cataract Extraction 
Wiles, MacKenzie, Ide 


Combined Phacoemulsification and 
Trabeculectomy 

Lyle, Jin 
Plasminogen Activator Treatment of 
Subretinal Hemorrhage 

Lewis, Resnick, Flannery, Straatsma 


Retinal Vasculature in Children With 
Hypertension 
Daniels, Lipman, Burke, Loggie 


Optic Neuritis and Visual Recovery 
Slamovits, Rosen, Cheng, Striph 


Acetazolamide and Abnormal 
Oculovestibular Response 
Hester, Farris 


Laser Tomographic Scanner and Optic Nerve 
Head 

Dreher, Tso, Weinreb 
Block-Excision of Epithelial Ingrowth 


Kuachle, Naumann ‘ ; 


@ PERSPECTIVES 


Automated Perimetry in-Glaucoma 
Joseph Caprioli 


@ LETTERS TO THE JOURNAL 


Microwave thermotherapy for choroidal 
hemangioma 
Finger, Paglione, Packer 


Disk neovascularization in chronic anterior 
uveitis 
Pach, Herman, Garrity, Kalina 


Retinal vasculitis and Lyme disease 
Lang, Schönherr, Naumann 


Ulcerative keratitis and Lyme disease 
deLuise, O'Leary 


Malignant glaucoma after Nd:YAG 
cyclophotocoagulation 
Hardten, Brown 


Tissue plasminogen activator for fibrin 

resolution 
Tripathi, Tripathi, Park, Quaranta, Steinsapir, 
Lehman, Ernest 

Corneal ulcer and crack cocaine 
Zagelbaum, Tannenbaum, Hersh 


Ketoprofen in the treatment of scleritis 
Medway, Donzis, Donzis 


Scleral ulcer repair 
Lin, Wu, Chen, Huang 


Retained Veirs rod and canaliculitis 
Becker 


® 











NSAID from Alcon “=S 
Surgical: PROFENAL® “== 
(suprofen) 1% Sterile ii 
Ophthalmic Solution — 
right on target in helping 
sustain pupillary dilation 
during cataract surgery. 


As challenging as cataract surgery 
can sometimes be, why risk less than 
satisfactory intraoperative mydriasis? 
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surgery. PROFENAL solution is a sure 
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eye case after case. 


What it is. 


PROFENAL sterile ophthalmic 
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nonsteroidal anti-inflammatory drug 
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placebo in inhibiting intraoperative 
miosis. Thus, it is an excellent 
adjunct for surgeons who desire to 
minimize the dangers and frustrations 
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Stability of Refraction During Four Years After Radial 


Keratotomy in the Prospective Evaluation of Radial 


Keratotomy Study 





George O. Waring III, M.D., F.A.C.S., Michael J. Lynn, M.S., Ellen R. Strahlman, M.D., 
Michael H. Kutner, Ph.D., William Culbertson, M.D., Peter R. Laibson, M.D., 
Richard D. Lindstrom, M.D., Marguerite B. McDonald, M.D., William D. Myers, M.D., 
Stephen A. Obstbaum, M.D., J. James Rowsey, M.D., Ronald E. Smith, M.D., 
and the Prospective Evaluation of Radial Keratotomy Study Group 


The Prospective Evaluation of Radial Kera- 
totomy Study is a nine-center clinical trial of a 
standardized technique of radial keratotomy 
in 435 patients who had simple myopia with a 
preoperative refraction between —2.00 and 
—8.00 diopters. We studied the stability of the 
refractive error during four years after sur- 
gery for each of 341 eyes first operated on that 
had a single surgical procedure. Between 
baseline and two weeks after surgery, all eyes 
became less myopic; between two weeks and 
three months, 161 eyes (59%) lost 1.00 D or 
more of the initial effect; and between three 
and six months, 266 eyes (95%) had a stable 
refraction with less than 1.00 D change. 

The change from six months to four years 
was less than 1.00 D for 246 eyes (72%). There 
was 1.00 D or more decrease in surgical effect 


(increased minus power) for 13 eyes (4%), and ` 


1.00 D or more increase in surgical effect 
(decreased minus power) for 82 eyes (24%). 
Eyes with larger amounts of preoperative my- 
opia and smaller diameter of the clear zone 
were more likely to have an increasing effect 
of the surgery. The duration of this continued 
increasing effect of the surgery is unknown. 


Myopia affects approximately 25% of adults in 
Western countries and an even higher percent- 
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age of people in Oriental countries.’* Although 
spectacles and contact lenses can correct myo- 
pia, ophthalmic surgeons have developed sur- 
gical techniques during the past 50 years that 
are intended to correct myopia permanently by 
altering the shape of the cornea.’ 

Radial keratotomy, the most widely used pro- 
cedure to correct myopia, has been performed 
worldwide in hundreds of thousands of pa- 
tients during the past ten years.’ If we conserva- 
tively estimate that 5% of the 220 million Unit- 
ed States citizens have mild to moderate 
myopia between —2.00 and -8.00 diopters,’ 
some 11 million individuals are potentially 
eligible for the surgery. 

The Prospective Evaluation of Radial Keratot- 
omy Study is a nine-center clinical trial funded 
by the National Eye Institute to determine the 
outcome of a single standardized radial keratot- 
omy technique. Previous reports at one, three, 
and four years after surgery have described the 
level of visual acuity and refractive error 
achieved, the complications experienced, and 
the degree of predictability of the surgery.”® 

In 1986, Deitz, Sanders, and Raanan” de- 
scribed a continued increase in the effect of 
radial keratotomy, which they designated ‘pro- 
gressive hyperopia. Four studies have reported 
that many eyes demonstrate a continued in- 
crease in the effect of surgery of 1.00 D or more 
between one and four to five years after radial 
keratotomy: Deitz, Sanders, and Raanan” (51 of 
165 eyes [31%]); Arrowsmith and Marks” (34 
of 156 eyes [22%]); Sawelson and Marks” (21 of 
123 eyes [17%]); and Neumann and associates" 
(31 of 118 eyes [26%]). Deitz, Sanders, and 
Raanan™ have updated their observations of 
operations performed with a diamond knife, 
reporting that 28 of 149 eyes (19%) demonstrat- 
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ed a continued effect of the surgery of 1.00 D or 
more between one and four years (oral commu- 
nication, International Society of Refractive 
Keratoplasty meeting, Las Vegas, Nevada, Oc- 
tober 1988). 

This continued increase in the effect of the 
surgery in a substantial portion of the eyes was 
unanticipated during the early development of 
radial keratotomy” and should be a concern for 
those considering radial keratotomy as a treat- 
ment for myopia. We studied the stability of 
refraction and the distribution of changes in 
refractive error that occurred during four years 
after radial keratotomy in the Prospective Eval- 
uation of Radial Keratotomy Study. 


Patients and Methods 


We briefly summarize here only the methods 
that are pertinent to the study of stability and 
distribution of refraction; additional details 
have been published previously. The protocol 
was approved by the institutional review 
boards of each of the clinical centers. Progress 
reports were reviewed by a Data and Safety 
Monitoring Board consisting of ophthalmolo- 
gists and statisticians not otherwise associated 
with the study. 

Patient selection—Measurements were taken 
before and after the operation on one eye each 
of 435 patients who met the following entry 
criteria: at least 21 years of age; bilateral simple 
myopia with the spherical equivalent of the 
cycloplegic refraction between -2.00 and 
—8.00 D and with 1.50 D or less of refractive 
astigmatism; visual acuity correctable to 20/20 
or better with spectacles; stability of refraction 
documented by previous clinical records; re- 
moval of contact lenses for two weeks before 
baseline examination with documentation of 
subsequent stable refraction; absence of active 
or residual ocular and systemic disease likely to 
influence corneal wound healing; and signing 
of informed consent documents. 

Surgical technique—Ten specially trained 
ophthalmic surgeons at nine centers were certi- 
fied by a performance examination. A single 
standardized technique was used for all eyes. 
Incisions were made in the paracentral and 
peripheral cornea to minimize possible glare 
problems caused by light scattering from corne- 
al scars. To titrate the amount of correction, the 
diameter of the uncut circular region or clear 
zone in the center of the cornea varied with the 


amount of myopia: —2.00 to —3.12 D = 4.0 mm; 
~3.25 to -4.37 D = 3.5 mm; and -—4.50. to 
—8.00 D = 3.0 mm. Other aspects of the surgi- 
cal protocol were the same for all patients. 

A round, dull, marking trephine centered on 
the line of sight delineated the central clear 
zone of the cornea. The diamond blade of the 
micrometer knife designed for the study was 
extended to a length equal to 100% of the 
thinnest of four intraoperative paracentral ul- 
trasonic corneal thickness readings. The sur- 
geon made eight partial-thickness, freehand 
radial incisions in the cornea from the edge of 
the central clear zone mark to the limbal vascu- 
lar arcade, spaced like the spokes of a wheel, 
equidistantly around the cornea. After surgery, 
topical antibiotics were administered for seven 
days. No topical corticosteroids were used. 

Methods of clinical examination—Examina- 
tion conditions were standardized according to 
a formal manual of procedures and were moni- 
tored during the four-year follow-up by way of 
site visits and annual recertification courses for 
the technical staff. At each of the clinical cen- 
ters, an ophthalmologist-examiner, who was 
not the surgeon, and a certified technician- 
coordinator gathered all baseline and postoper- 
ative data. 

The primary outcome measurement was the 
spherical equivalent cycloplegic refractive error 
measured by the technician and verified by the 
ophthalmologist without reference to previous 
records. 

We characterized the refractive outcome at 
four years as undercorrected if there was resid- 
ual myopia greater than —1.00 D and as over- 
corrected if there was induced hyperopia great- 
er than +1.00 D. We referred to changes in 
refraction after radial keratotomy as an increase 
or decrease in the minus power. Increasing 
minus power was a refractive change in the 
direction of an increase in myopia or a decrease 
in hyperopia; decreasing minus power was a 
refractive change in the direction of a decrease 
in myopia or an increase in hyperopia. Since 
radial keratotomy reduces myopia, a reduction 
in minus power implies a continued increase in 
the effect of the surgery. 

Visual acuity was measured at 4 m with 
high-contrast, retroilluminated, National Eye 
Institute visual acuity charts’’* in a room with 
standardized illumination. Patients were exam- 
ined before surgery and at two weeks, three 
months, six months, and annually for four 
years after the operation. 

Statistical analysis—We used two criteria to 
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characterize the stability of the refractive error 
in each eye: the overall change from six months 
to four years and the maximum interim change 
between any two visits. We chose 1.00 D as the 
minimal amount of clinically meaningful 
change in refractive error for any time interval 
after the operation. 

The criteria for stability of refraction were 
calculated as follows. For overall change in 
refractive error, each eye was assessed with a 
simple linear regression line that related the 
cycloplegic refraction at the follow-up visits to 
the time after surgery, beginning with the six- 
month visit. Patients who did not have at least 
four of the five examinations between six 
months and four years were not included in this 
study. The estimated slope of the regression 
line was then used to estimate the trend of the 
refractive change between six months and four 
years. The largest change in refraction between 
any two, not necessarily consecutive, examina- 
tions was calculated as the maximum interim 
change. This criterion was included as an as- 
sessment of stability of refraction because pa- 
tients had a large change in refractive error 
between individual visits without having a 
clear trend over the four years. 

Using these two criteria, patients were classi- 
fied into four categories that characterized the 
stability of their refractive error: stable, less 
than 1.00 D of change according to both crite- 
ria; fluctuating, less than 1.00 D of change 
according to the regression criteria, but a maxi- 
mum change between any two visits of 1.00 D 
or more; increasing effect, 1.00 D or more of 
change in both criteria in a direction of de- 
creased minus power; loss of effect, 1.00 D or 
more of change in both criteria in a direction of 
increased minus power. 

To examine factors that were potentially re- 
lated to the refractive change from six months 
to four years, the four categories of stability 
were compared with respect to preoperative 
factors (age, intraocular pressure, diameter of 
central clear zone, corneal thickness, and aver- 
age central keratometry) and postoperative fac- 
tors (depth of incision scar and the spherical 
equivalent cycloplegic refractive error at two 
weeks, three weeks, and six months). Compari- 
sons were done using analysis of variance or 
chi-square tests, depending on whether the 
factor was quantitative or categoric. All eyes 
had eight incisions, so this variable could not 
be studied. We also measured the absolute 
change in refraction from baseline to two 
weeks, two weeks to three months, three 


months to six months, and six months to four 
years. 

Refractive stability for fellow eyes—To estab- 
lish a standard of comparison for the change in 
myopia over time, we examined the fellow eyes 
of patients in this study. Measurements were 
taken on the unoperated on eye at the initial 
preoperative visit and at the visit one year after 
surgery on the first operated on eye. To evaluate 
the change under as standardized conditions as 
possible, we included only eyes examined by 
the same clinical coordinator in the same exam- 
ining room at both times. Patients wearing a 
contact lens (which could warp the cornea) on 
the unoperated on eye during the year between 
examinations were excluded. 

Refractive stability for eyes with a repeated 
radial keratotomy—We analyzed separately the 
eyes that had a repeated radial keratotomy, 
using the same methods as for eyes with a 
single operation. The refractive data at three 
months, and at one, two, three, and four years 
after the second operation were used. 


Results 


Study population—The study design specified 
a sample size of 400 eyes to estimate the per- 
centage of patients that would have a residual 
refractive error within 1.00 D of emmetropia, 
with a precision of approximately 5%. Surgery 
was performed on the first eye of 435 patients, 
aged 21 to 58 years (mean, 33 years; standard 
deviation, 7 years), between March 1982 and 
October 1983. Each of the nine clinical centers 
entered 43 to 50 patients. The results for the 
first operated on eye of each patient are given. 
Of the 435 eyes, the numbers of eyes examined 
at the postoperative intervals were the follow- 
ing: six months, 430 eyes (99%); one year, 424 
eyes (98%); two years, 405 eyes (93%); three 
years, 416 eyes (95%); and four years, 397 eyes 
(91%). 

Of these 435 eyes, 62 (14%) underwent a 
second radial keratotomy operation and were 
analyzed separately. Of the 373 eyes with a 
single operation, 17 eyes had clinical occur- 
rences that altered the outcome of the surgery’ 
and 15 eyes did not have at least four of the five 
follow-up examinations between six months 
and four years. Therefore, the primary results 
include 341 eyes that received a single radial 
keratotomy operation and were followed up for 
four years. Additionally, we studied the stabili- 
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ty of refractive error in eyes that had a repeated 
radial keratotomy. 

Refractive stability in fellow eyes—The 
change in refraction during one year for 156 
fellow eyes was less than 0.25 D for 68 eyes 
(44%). No eye changed 1.00 D or more; 43 eyes 
(27%) had an increase in minus power of 0.25 to 
0.75 D; and 45 eyes (29%) had a decrease in 
minus power of 0.25 to 0.88 D. Based on these 
results and clinical judgment, we chose 1.00 D 
as an indicator of a clinically meaningful 
change in refractive error. 

Early postoperative stability of refraction—We 
focused on the refractive stability during six 
months to four years after surgery. We also, 
however, studied the early refractive changes 
during the first six months for these 341 eyes. 

There were 333 of the 341 eyes examined at 
two weeks after surgery. All of these 333 eyes 
became less myopic between baseline and two 
weeks (Fig. 1, top). The average refractive 
change was a decrease in myopia of 4.83 D 
(standard deviation, 1.61 D; range, 1.75 to 
10.75 D). During this time many patients re- 
ported instability of visual acuity during the 
day and from one day to the next. 

Of the 341 eyes, 273 had a cycloplegic refrac- 
tion approximately three months after surgery. 
Most of these 273 eyes lost some effect of the 
surgery between two weeks and three months 
(Fig. 1, bottom). The average refractive change 
was an increase in minus power of 1.24 D 
(standard deviation, 0.83 D); 161 of 273 eyes 
(59%) lost 1.00 D to 4.00 D of effect. Only eight 
of 273 eyes (2%) had a decrease in minus 
power, ranging from 0.12 D to 0.75 D. There 
was a tendency for those eyes having a larger 
initial reduction of myopia from baseline to two 
weeks to have a larger regression of surgical 
effect from two weeks to three months (correla- 
tion, 0.4; Fig. 1, bottom). 

There was no overall trend in refractive 
change between three months and six months 
(Fig. 1, bottom). The average change for 281 of 
the 341 eyes examined at both three and six 
months after surgery was 0.01 D; and 266 of 
281 eyes (95%) changed by less than 1.00 D. 
Seven of 281 eyes (2.5%) had an increase and 
eight of 281 eyes (2.5%) had a decrease in 
minus power between 1.00 and 1.88 D. 

Changes in refraction from six months to four 
years after surgery—We estimated the overall 
stability of refraction by determining the num- 
ber of eyes that changed by 1.00 D or more (Fig. 
2). We also calculated the average change for 
the 341 eyes, which was +0.41 D (standard 


deviation, 0.69 D; range, —1.81 to +3.61 D). 
The average refraction at each postoperative 
interval gave a crude indication of the overall 
trend toward hyperopia: six months, —0.33 D; 
one year, —0.18 D; two years, —0.03 D; three 
years, +0.05 D; and four years, +0.11 D. 

The two criteria for determining the catego- 
ries of refractive stability are the overall change 
estimated by the slope of the simple linear 
regression line and the maximum interim 
change between any two examinations between 
six months and four years. Using a 1.00-D value 
as an indication of instability of refraction for 
both criteria, there were four categories of re- 
fractive change among the eyes. Figure 3 shows 
one example in each of the four categories. 

The refractive categories are defined as fol- 
lows: Category 1, Stable refraction: For 197 of 
341 eyes (58%), there was less than 1.00 D of 
refractive change according to both stability 
criteria. The mean refractive change in this 
category was +0.19 D (standard deviation, 0.36 
D). The distribution of the refractive error was 
similar at six months and four years (Table 1). 

Category 2, Fluctuating refraction with no 
definite trend: For 49 of 341 eyes (14%), there 
was a maximum change of 1.00 D or more 
between two of the five examinations, but the 
overall change calculated from the regression 
line was less than 1.00 D. The change was a 
decrease in minus power for 35 eyes and an 
increase in minus power for 14 eyes. In this 
category the number of eyes overcorrected by 
more than 1.00 D increased from seven eyes 
(14%) at six months to 12 eyes (25%) at four 
years (Table 1). Since the overall change in 
refraction was less then 1.00 D, the overall 
refractive outcome in these eyes was considered 
stable. Combining this category with Category 
1, we considered a total of 246 of 341 eyes 
(72%) to be stable. 

Category 3, Increasing effect of surgery: For 
82 of 341 eyes (24%) there was a change of 1.00 
D or more in the direction of decreased minus 
power by both criteria, which indicated an 
increasing effect of the surgery. The mean re- 
fractive change was 1.28 D (standard deviation, 
0.52 D). In this category, the number of under- 
corrected eyes decreased from 24 (29%) at six 
months to three (4%) at four years, whereas the 
number of overcorrected eyes increased from 
12 (15%) at six months to 36 (44%) at four years 
(Table 1). 

To determine the effect of the continued in- 
crease in effect on the refractive outcome, we 
classified the 82 eyes in Category 3 according to 
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Fig. 1 (Waring and associ- 
ates). Scattergrams of change 
in refraction between base- 
line and three months. Top, 
The refractive change be- 
tween baseline and two 
weeks after surgery com- 
pared with that between two 
weeks and three months after 
surgery. All eyes had a reduc- 
tion in myopia at two weeks 
after surgery. Most eyes lost 
some effect between two 
weeks and three months after 
surgery. Eyes that had a 
greater refractive change at 
two weeks tended to have a 
greater loss of effect between 
two weeks and three months 
(correlation, 0.4). Bottom, 
The refractive change be- 
tween two weeks and three 
months compared with that 
between three months and 
six months after surgery. 
There was much less refrac- 
tive change between three to 
six months, 147 of 281 eyes 
(50%) changing by 0.25 diop- 
ters or less and only 15 eyes 
(5%) changing by 1.00 diop- 
ter or more. The data points 
cluster around the no change 
line between three to six 
months, which indicates rela- 
tive stability. (Note the 
change in the scale of the 
horizontal axis between the 
graphs.) 
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their refractive error at six months and four 
years. Of these 82 eyes, the 24 eyes (29%) with 
residual myopia greater than —1.00 D at six 
months were between —1.00 D and +1.00 D at 
four years (except for two eyes). Of the 46 eyes 
(56%) with a refractive error between —1.00 D 
and +1.00 D at six months, 24 (52%) had a 
hyperopic refractive error greater than +1.00 D 
at four years. Finally, 12 (15%) of the 82 eyes 
had a hyperopic refractive error greater than 
+1.00 D at six months and were even more 


overcorrected at four years. Thus, as a result of 
the continued increase in the effect of surgery 
in these 82 eyes, 24 eyes (29%) had an improve- 
ment in their refractive error, 22 eyes (27%) 
remained between —1.00 and +1.00 D, and 36 
eyes (44%) had a worse refractive error because 
they had become overcorrected by more than 
+1.00 D. 

Category 4, Loss of surgical effect: A small 
number of eyes, 13 of 341 (4%), had an overall 
loss of effect of the surgery (mean, 1.11 D; 
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Fig. 2 (Waring and associates). The change 
in the spherical equivalent of the cycloplegic 
refraction between six months and four 
years for 341 eyes. 


Increase Increase Change Decrease Decrease 


2.00 1.0-1.87 < 1.0 


standard deviation, 0.47 D). In this category, 
the number of eyes undercorrected by more 
than —1.00 D increased from four to eight 
(Table 1). 

Refractive error from six months to four years 
after surgery—The distribution of refractive er- 
rors among the 341 eyes with a single operation 
was divided into three groups: undercorrected 
(more than —1.00 D); overcorrected (more than 
+1.00 D); and the remainder between —1.00 D 
and +1.00 D. These three groups were com- 
pared at six months and four years after surgery 
and showed an overall change in the hyperopic 
direction (Table 2). 

Of the 82 eyes that were undercorrected at six 
months after surgery, only 45 eyes (55%) re- 
mained undercorrected at four years; none be- 
came overcorrected more than +1.00 D. Of the 
220 eyes that had a refractive error between 
-1.00 D and +1.00 D at six months after 
surgery, 166 eyes (75%) remained in this cate- 
gory at four years. Of the 39 eyes that were 
overcorrected six months after radial keratoto- 
my, 32 eyes (82%) were still overcorrected at 
four years. 


1.0-1.87 2.0-3.5 


Rate of change in refraction—The number of 
eyes that changed by 1.00 D or more increased 
progressively from six months to four years 
(Table 3). Thus, it was not possible to determine 
from these data when the refraction will be 
likely to stabilize for individual eyes. The rate 
of change in refraction for eyes exhibiting in- 
stability was slow, most showing less than one 
diopter of change during any one-year period. 

Factors that affected stability of refraction—To 
identify the factors associated with a change in 
refraction, we compared the four stability cate- 
gories with respect to the preoperative, surgi- 
cal, and early postoperative factors listed in the 
Patients and Methods section. The eyes that 
were unstable had a significantly smaller diam- 
eter of the central clear zone and therefore 
longer incisions than the eyes that were stable 
(P = .00004). However, since the diameter of 
the central clear zone was determined by the 
level of preoperative myopia, either of these 
two factors or their combination could be re- 
sponsible for the observed result. No other 
preoperative or surgical variable correlated sig- 
nificantly with change in refraction. 


TABLE 1 
NUMBER OF EYES IN EACH INTERVAL OF REFRACTIVE ERROR AT SIX MONTHS AND FOUR YEARS 
ACCORDING TO REFRACTIVE STABILITY CATEGORY 


REFRACTIVE ERROR AT 6 MONTHS AND 4 YEARS 


< — 1.00 D 
REFRACTIVE STABILITY TOTAL NO. 6 MONTH 4 YEAR 
CATEGORY OF EYES NO. (%) NO. (%) 
Stable 197 40 (20) 30 (15) 
Fluctuating 49 14 (29) 10 (20) 
Increased effect 82 24 (29) 3 (4) 
Loss of effect 13 4 (31) 8 (61) 
Total 341 82 (24) 51 (15) 


+ 1.00 D > + 1.00 D 

6 MONTH 4 YEAR 6 MONTH 4 YEAR 
NO. (%) NO. (%) NO. (%) NO. (%) 
139 (71) 146 (74) 18 (9) 21 (11) 
28 (57) 27 (55) 7 (14) 12 (25) 
46 (56) 43 (52) 12 (15) 36 (44) 
7 (54) 4 (31) 2 (15) 1 (8) 
220 (65) 220 (65) 39 (11) 70 (20) 


a 


Vol. 111, No. 2 


Refraction After Radial Keratotomy 139 


TABLE 2 
COMPARISON OF THE NUMBER AND PERCENT OF 
EYES IN EACH INTERVAL OF REFRACTIVE ERROR AT 
SIX MONTHS AND FOUR YEARS AFTER SURGERY 





REFRACTION AT FOUR YEARS 


UNDERCORRECTED -1.00 TO OVERCORRECTED 


REFRACTION AT (< —1.00 D) +1.00 D (> +1.00 D) 
SIX MONTHS NO. (%) NO. (%) NO. (%) 
Undercorrected 45 (55) 37 (45) 0 
(< —1.00 D) 
—1.00 to +1.00 D 21 (10) 166 (75) 33 (15) 
Overcorrected 4 (10) 3 (8) 32 (82) 
(> +1.00 D) 
Total 70 (21) 206 (60) 65 (19) 





Changes in refraction and corneal power—To 
document that the changes in refraction were 
caused by changes in the curvature and power 
of the cornea, we correlated the change in the 
average central keratometry measurements 
with the change in the spherical equivalent 
cycloplegic refraction between six months and 
four years. The correlation between the two was 
—0.52 (P = .001), which indicated a moderate 
association. 

Stability of refraction after repeated radial kera- 
totomy—Of the 62 eyes with reoperations, 42 
had at least four follow-up visits between three 
months and four years after the repeated radial 
keratotomy. We categorized the 42 eyes with a 
second radial keratotomy into the same four 
stability categories used for the eyes with a 
single operation: (1) stable refraction, 27 eyes 
(64%); (2) fluctuating refraction with no defi- 
nite trend, six eyes (14%); (3) increasing effect 
of surgery, seven eyes (17%); and (4) loss of 
surgical effect, five eyes (17%). These percent- 
ages were not significantly different from those 
for the eyes operated on once (P = .6). 

The average change in refraction from six 
months to four years for the eyes with a repeat- 
ed operation was +0.39 D (standard deviation, 
0.87 D), which was not statistically significantly 
different from the mean for eyes with single 
operation, + 0.43 D (standard deviation, 0.70 D). 





Discussion 





During the past decade of development of 
radial keratotomy in the United States, consid- 


TABLE 3 
EYES* WITH DECREASING MINUS 
POWER = 1 D BETWEEN FOLLOW-UP VISITS 
AFTER RADIAL KERATOTOMY 





TO 1 YEAR TO2YEARS TO3 YEARS TO 4 YEARS 


From 6 months 18 (5.3%) 41 (12.3%) 50 (14.9%) 72 (22.6%) 
From 1 year — 18 (5.4%) 31 (9.3%) 46 (14.5%) 
From 2 years — — 14 (4.3%) 21 (6.8%) 
From 3 years — — -— 13 (4.2%) 





*The total number of eyes for each of the follow-up intervals 
varied from 311 to 340. 


erable information has been published about 
surgical techniques, efficacy, predictability, 
and safety of the operation. Improvements in 
preoperative planning and surgical techniques 
have produced better refractive results in stud- 
ies performed during the later 1980s!*!®% than 
those performed in the early to mid 
1980s.°"1"?! Salz and associates reported a 
series of 112 consecutive eyes with preopera- 
tive refractions between —1.12 D and —4.25 D 
that received an initial four-incision radial ker- 
atotomy followed by an additional four inci- 
sions in 15 eyes (13%). A postoperative refrac- 
tion of +1.00 D was achieved in 101 eyes (90%) 
at three to 48 months after surgery. Similarly, 
Spigelman, Williams, and Lindstrom” reported 
a series of 32 eyes with a baseline refraction 
between —1.50 D and —4.75 D using a four- 
incision radial keratotomy without repeated 
operations. The refraction was within + 1.00 D 
in 29 eyes (91%) at one year after surgery. 
Despite these improving results, the ability to 
predict the refractive and visual acuity outcome 
for a particular eye is less accurate than sur- 
geons and patients desire. For example, the 
90% prediction interval for refractive change 
after surgery in 390 eyes with preoperative 
refractions of —2.00 D to —8.00 D in the Pro- 
spective Evaluation of Radial Keratotomy Study 
four years after surgery was 4.50 D wide.® 

If these refractive results remain stable over 
time, ophthalmologists and patients with myo- 
pia will have a reasonable basis on which to 
base expectations about radial keratotomy. 
Many eyes, however, do not retain a stable 
refraction after radial keratotomy 81013-15 

This report confirms the findings of four other 
studies™" that approximately one in five eyes 
had an increasing effect of the surgery of 1.00 D 
or more in the hyperopic direction during four 
to five years after radial keratotomy (Table 2). 
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Four kinds of change in refraction occur after 
radial keratotomy: changes in the first few 
weeks that are an early response to the surgery 
(Fig. 1); irregular fluctuation from day-to-day 
or from month-to-month over a period of years; 
a gradual trend in one direction, usually the 
hyperopic direction, over a period of years; and 
variation from morning to evening, diurnal 
fluctuation.” 

Refractive change in myopic eyes—Studies of 
the natural course of myopia in the range of 
—2.00 to —8.00 D (the range selected in this 
study) indicate that there is little change in the 
refractive error after the patient reaches age 21 
years. Brown” found that between age 20 and 
33 years, the increase in myopia had a low 
yearly average of 0.04 diopters. In this study, 
we found that fellow eyes changed less than 
1.00 D during a one-year interval. We also 
reported” that of 88 unoperated on eyes fol- 
lowed up for four to 5% years, 64 eyes (73%) 
changed refraction by less than 1.00 D and the 
remainder became 1.00 D to 2.50 D more myop- 
ic. None became less myopic. Therefore, the 
increase in effect of radial keratotomy over time 
can be attributed to the surgery. We and 
others!” define a meaningful change of refrac- 
tion as 1.00 D or more between two time points. 
This amount of change would be noticed by 
most patients and would usually require new 
spectacles or contact lenses. 

Changes in refraction during the first six 
months after surgery—A dramatic reduction in 
myopia occurred in all eyes after surgery and 
persisted at the first data collection point at two 
weeks. Many patients remarked that they could 
see clocks and recognize faces at distance for 
the first time in their memory. Most of the eyes 
showed some loss of this initial effect by three 
months; the mean change was an increase in 
myopia of 1.24 D (Fig. 1). McDonnell and 
Schanzlin™ found a similar regression of effect 
in the first three months after surgery. 

In general, the refraction was stable by three 
months, only 15 eyes (5%) showing a change in 
refraction of 1.00 D or more from three to six 
months. Thus, the overall reported outcome of 
radial keratotomy can be determined between 
approximately six to 12 weeks after surgery. 
The ophthalmologist and the patient can plan 
further surgery or optical correction at this 
time. Results of studies can be reported at three 
to six months, instead of the commonly used 12 
months, allowing earlier judgments about the 
initial efficacy of different techniques of radial 
keratotomy. 


Changes in refraction from six months to four 
years after surgery—We found that 49 (14%) of 
the 341 eyes demonstrated at least 1.00 D of 
up-and-down fluctuation in refraction during 
the four-year follow-up, even though the over- 
all refractive change from six months to four 
years was less than 1.00 D (mean, 0.26 D; 
standard deviation, 0.50 D) (Table 1; Fig. 3). 
Although the fluctuation may bother patients, 
we did not consider it as unstable if the overall 
change in refraction between six months and 
four years was less than 1.00 D. Thus, we 
considered 246 of 341 eyes (72%) stable during 
this interval (Fig. 2). 

The most significant finding was that 82 of 
341 eyes (24%) showed a continued increase in 
effect of the surgery with a change in refraction 
in the hyperopic direction (a decrease in minus 
power). This phenomenon was unanticipated in 
the early development of radial keratotomy,” 
and it represents one of its unsolved problems. 
Four other studies have also described this 
effect (Table 2).’°" 

How long the increasing effect of the surgery 
will last is unknown. This study demonstrates a 
cumulative effect over four years. Neumann 
and associates’ showed that the change be- 
tween one and three years (mean, +0.27 D) was 
the same as between three and five years (mean, 
+0.30 D). Ivanova and Fyodorov have reported 
a cumulative increasing effect of the surgery 
over 12 years in a series of cases performed in 
the Soviet Union (P. Ivanova, M.D., and S. N. 
Fyodorov, M.D., oral communication, 2nd In- 
ternational Cataract Implant Microsurgical and 
Refractive Keratoplasty Conference, Nygoya, 
Japan, July 1-3, 1988). 

Consequences of refractive instability—The 
finding of an increasing effect of radial keratot- 
omy has a number of practical consequences. 
The total number of patients who gradually 
become hyperopic after radial keratotomy will 
increase (Table 1). Of the 82 eyes that showed a 
continued effect of the surgery, only 12 eyes 
(15%) were overcorrected by 1.00 D or more at 
six months, but 36 eyes (44%) were overcorrect- 
ed at four years after surgery. 

Symptomatic presbyopia will occur earlier 
than usual. Most patients with emmetropia and 
hyperopia must use plus lenses in the form of 
reading spectacles or bifocals after approxi- 
mately age 45 years to achieve satisfactory near 
vision. Persons with hyperopia will have an 
earlier need for reading spectacles. We have the 
impression that most patients who have had 
radial keratotomy and become presbyopic in 
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Fig. 3 (Waring and associates). Examples of patterns of refractive change. Top left, Stable course. Of 341 eyes, 
197 (58%) changed by less than 1.00 diopter. Top right, Fluctuation. Of 341 eyes, 49 (14%) did not have a definite 
trend but did have a change of 1.00 diopter or more during some follow-up interval. Bottom left, Continued 
effect of surgery. Of 341 eyes, 82 (24%) had a decrease in minus power of 1.00 diopter or more. Bottom right, 


Loss of effect of surgery. Of 341 eyes, 13 (4%) had an increase in minus power of 1.00 diopter or more. 


their early 40s are happy to have exchanged the 
full-time use of their distance correction for 
part-time use of reading spectacles. 

Many patients whose eyes are undercorrected 
after surgery will perceive the increase in the 
effect of the surgery as a positive advantage 
because the decreasing residual myopia results 
in an improved distance visual acuity. 

Instability of refraction decreases the predict- 
ability of the outcome. In the Prospective Eval- 
uation of Radial Keratotomy Study four years 
after surgery, the 90% prediction interval for 
the refractive outcome was 4.42 D wide,’ ap- 
proximately eight times greater than that 
achieved by fitting spectacles or contact lenses 
(0.50 D). The inability to identify preopera- 
tively the individuals who will exhibit an in- 
creasing effect of the surgery makes it more 
difficult to predict the outcome of surgery for an 
individual patient. 

The rate of change of refraction three months 
or more after surgery is slow, obviating concern 
over abrupt, disruptive changes in visual func- 
tion. For example, the 82 eyes that showed an 
increasing effect of the surgery from six months 


to four years had a total mean change of 1.28 D, 
a rate of 0.03 D per month. None reported 
sudden changes in visual function. This is espe- 
cially important for individuals with profes- 
sions that require good visual acuity for proper 
function, such as law enforcement, firefighting, 
and the performing arts. 

A mild residual myopia of —0.50 D to —1.00 
D is a more desirable surgical result than em- 
metropia. This residual low myopia allows pa- 
tients to retain good uncorrected visual acu- 
ity,” delays the onset of symptomatic 
presbyopia, and hedges against an increase in 
the effect of the surgery. Methods of achieving 
this intentional mild undercorrection include 
using the patient’s age as a preoperative varia- 
ble, doing less extensive surgery in older indi- 
viduals, using four incisions, and avoiding inci- 
sions that are nearly 100% of corneal thickness. 

Mechanisms of refractive instability—The 
mechanisms of instability of refraction both in 
the early postoperative period and during many 
years after surgery is unknown. We found no 
distinctive preoperative characteristics that 
identified individuals likely to have an unstable 


142 AMERICAN JOURNAL OF OPHTHALMOLOGY 


February, 1991 





refraction, a conclusion similar to that reached 
by Deitz, Sanders, and Raanan” and by Sawel- 
son and Marks.” Although we found a statisti- 
cally significant correlation with smaller diam- 
eter clear zones and Sawelson and Marks” 
found a correlation with deeper incisions, there 
is no clear-cut way to predict instability of 
refraction in individual eyes. 

The loss of initial effect that occurs in the first 
few weeks after surgery probably reflects a 
change in stromal hydration. Stromal edema 
produces greater gaping of the control corneal 
incisions and greater flattening of the central 
corneal, which enhances the effect of the sur- 
gery. As the epithelium fills the keratotomy 
incisions and reestablishes its barrier function, 
more normal corneal hydration is restored, 
which decreases the initial effects of the sur- 
gery. Once equilibrium is reached, refraction 
remains more stable. It is probable that the 
physiologic stromal edema that occurs during 
sleep is responsible for the diurnal variation in 
refraction in which the cornea is flatter upon 
awakening and becomes steeper during the 
day.2%4 

Laboratory models have demonstrated that 
corneal edema induces large changes in refrac- 
tion immediately after surgery. For example, 
Parel, Simon, and Lowery”! showed that eyes 
flooded with balanced salt solution had an 
induction of more than 10.0 D of astigmatism 
after transverse keratotomy and 5.00 D of flat- 
tening after radial keratotomy. When the sur- 
face of the corneas was covered with dextran or 
silicone oil, however, no change greater than 
1.00 D was recorded. Presumably the balanced 
salt solution produced marked swelling of the 
stroma within the incisions, causing greater 
incision gape and a greater change in curvature, 
whereas the dextran and silicone produced less 
stromal swelling and therefore essentially no 
measurable change in central corneal curva- 
ture. 

The major variable affecting long-term re- 
fractive stability is probably the slow healing of 
the unsutured avascular incision. It contains an 
epithelial plug that is extruded over a period of 
a few years and is replaced by new extracellular 
matrix and cicatricial tissue that contains mild 
fibroblasts over a span of approximately five 
years.” Other forces also tend to flatten the 
central cornea, including the pressure of the 
eyelids with each blink,” increased atmospher- 
ic pressure, and increased imtraocular pres- 
sure,” but their role in long-term stability is 
unknown. 


TABLE 4 
STUDIES OF STABILITY OF REFRACTION* 
AFTER RADIAL KERATOTOMY 


DECREASE 
MINUS 
CHANGE POWER 
NO.OF FOLLOW-UP <1D >1D 
STUDY EYES (YRS) NO. (%) NO. (%) 
Prospective Eval- 317 1-4 263 (83) 46 (15) 
uation of Radial 
Keratotomy 
Deitz, Sanders, 165 1-4 107 (65) = 51 (31) 
and Raanan"” 
Arrowsmith and 156 1-5 109 (70) 34 (22) 
Marks" 
Sawelson and 123 1.5-5 96 (78) 21 (17) 
Marks” 
Neumann and 118 1-5 81 (69) 31 (26) 


associates” 


*Spherical equivalent refraction. 


The major remaining unknown about radial 
keratotomy for myopia is the long-term stability 
of refraction. It is unknown how long the gener- 
al trend of an increase in the effect of the 
surgery will last, and it is unknown how many 
patients will be affected by this trend. Pub- 
lished data extend only to five years (Table 4), 
and there is a need for long-term follow-up to 
document whether this is a persistent effect that 
can last for decades and affect an increasingly 
large number of patients or whether it is limited 
to only a certain population and stops at some 
point in time. 


PROSPECTIVE EVALUATION OF RADIAL 
KERATOTOMY STUDY CURRENT INVESTIGATORS 


Bascom Palmer Eye Institute (University of Miami 
School of Medicine, Miami, Florida); Principal Inves- 
tigator: William Culbertson, M.D.; Coordinator: 
Millie Espinal. 

Emory University (Atlanta, Georgia); Principal In- 
vestigator: George O. Waring III, M.D.; Coordinator: 
Mary C. Gemmill, C.O.M.T. 

Louisiana State University Eye Center (New Or- 
leans, Louisiana); Principal Investigator: Marguerite 
B. McDonald, M.D.; Investigators: Herbert E. Kauf- 
man, M.D., Bruce A. Barron, M.D.; Coordinator: 
Deborah Poloson, L.D.O. 

University of Minnesota (Minneapolis, Minneso- 
ta); Co-principal Invéstigators: Richard L. Lind- 
strom, M.D., and Donald J. Doughman, M.D.; Inves- 
tigators: J. Daniel Nelson, M.D.; Coordinator: 
Patricia Williams, C.O.T. 
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Mount Sinai School of Medicine (New York, New 
York); Principal Investigator: Stephen A. Obstbaum, 
M.D.; Investigators: Penny A. Asbell, M.D., Stephen 
M. Podos, M.D.; Coordinator: Norma Justin, C.O.A. 

University of Oklahoma (McGee Eye Institute, 
Oklahoma City, Oklahoma); Principal Investigator: 
J. James Rowsey, M.D.; Investigators: Hal D. Balyeat, 
M.D., Mark A. Terry, M.D.; Coordinator: Janie Shof- 
ner, C.O.A. 

University of Southern California (Estelle Doheny 
Eye Foundation, Los Angeles, California); Principal 
Investigator: Peter J. McDonald, M.D.; Investigators: 
James J. Salz, M.D., Ronald E. Smith, M.D., Douglas 
L. Steel, M.D., Richard A. Villasenor, M.D., and 
Linda B. Bourque, Ph.D.; Coordinator: Jenny Garbus, 
COF 

William Beaumont Eye Clinic (Royal Oak, Michi- 
gan); Principal Investigator: William D. Myers, M.D.; 
Investigators: John W. Cowden, M.D., Paul Fecko, 
M.D., Robert L. Stephenson, M.D.; Coordinator: 
Vicki Roszka-Duggan, C.O.T. 

Wills Eye Hospital (Philadelphia, Pennsylvania); 
Principal Investigator: Peter R. Laibson, M.D.; Inves- 
tigators: Juan A. Arentsen, M.D., Michael A. Naidoff, 
M.D., Elisabeth A. Cohen, M.D.; Coordinator: Nubia 
Richman, C.O. 

Study Chairman: George O. Waring II, M.D., 
Emory University, Atlanta, Georgia. 

Statistical Coordinating Center, Emory University, 
Department of Epidemiology and Biostatistics (At- 
lanta, Georgia); Co-principal Investigators: Michael 
J. Lynn, M.S., and Michael H. Kutner, Ph.D.; Investi- 
gators: Azhar Nizam, M.S., and Brooke Fielding, 
M.S. 

Clinical Monitors: Jay H. Krachmer, M.D., James P. 
McCulley, M.D., and Walter J. Stark, M.D. 

Data and Safety Monitoring Board: Chairman: Rich- 
ard A. Thoft, M.D.; Members: James V. Aquavella, 
M.D., Jules L. Baum, M.D., Robert J. Hardy, Ph.D., 
Jay A. Krachmer, M.D., Aran Safir, M.D., Robert D. 
Sperduto, M.D., Joel Sugar, M.D., and James Ware, 
Ph.D. 

National Eye Institute: Robert D. Sperduto, M.D., 
Ralph J. Helmsen, Ph.D., and Richard Mowery, Ph.D. 
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A Comparison of Penetrating Keratoplasty to 


Epikeratoplasty in the Surgical Management of 


Keratoconus 





John D. Goosey, M.D., Thomas C. Prager, Ph.D., Claire B. Goosey, M.S., 
Eugene F. Bird, M.D., and James C. Sanderson, M.D. 


Of 40 patients intolerant to contact lenses, 
47 eyes with keratoconus were surgically cor- 
rected with either epikeratoplasty (N = 31) or 
penetrating keratoplasty (N = 16). The per- 
centage of eyes in both groups that had visual 
acuity of 20/40 or better with contact lenses at 
one year were equal (14 of 15 eyes [93.3%] in 
the penetrating keratoplasty group; 27 of 29 
eyes [93.1%] in the epikeratoplasty group); 
however, the penetrating keratoplasty proce- 
dure resulted in a higher percentage of eyes 
that had visual acuity of 20/20 than the epik- 
eratoplasty group (11 of 15 eyes [73%] com- 
pared with seven of 29 eyes [24.1%], respec- 
tively). Both procedures resulted in significant 
corneal flattening, with the penetrating kera- 
toplasty group producing an average of 3 diop- 
ters more keratometric reduction than the 
epikeratoplasty group one year postopera- 
tively. Although no irreversible graft failures 
occurred, five of 16 eyes (31%) in the penetrat- 
ing keratoplasty group had graft reactions. No 
serious complications were noted in the eyes 
of the epikeratoplasty group. Both procedures 
were effective in the surgical management of 
keratoconus. 


PenetraTING KERATOPLASTY is a well-es- 
tablished surgical treatment for patients with 
keratoconus who are intolerant to contact lens 
wear.” Despite the excellent vision obtained 
with this procedure, a significant number of 
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patients have postoperative complications sec- 
ondary to immune reactions. Wilhelmus* sum- 
marized 25 articles with a combined total of 
2,758 keratoconus procedures and found the 
incidence of rejection episodes after penetrat- 
ing keratoplasty varied from 6% to 56% with a 
weighted average of 18%. Fortunately, most 
graft reactions can be treated successfully with 
corticosteroids and usually do not offset the 
excellent results obtained with penetrating ker- 
atoplasty. Nevertheless, long-term studies of 
penetrating keratoplasty have identified that a 
significant number of grafts ultimately fail (7% 
to 10%") with endothelial rejection being the 
most common reason for graft failure. 

To circumvent the problem of endothelial 
rejection, the use of lamellar keratoplasty has 
been advocated for the treatment of keratoco- 
nus. Lamellar keratoplasty, however, is gener- 
ally considered a technically difficult proce- 
dure, which yields visual results inferior to 
penetrating keratoplasty.” When Kaufman and 
Werblin’ introduced epikeratoplasty, an onlay 
form of lamellar keratoplasty, for the treatment 
of keratoconus, the procedure offered the safety 
advantages of lamellar keratoplasty and was 
relatively easy to perform.” Subsequent studies 
confirmed that epikeratoplasty can effectively 
rehabilitate eyes of patients with keratoconus 
who are intolerant to contact lens wear and 
have no central corneal scarring. The nation- 
wide study of epikeratoplasty for keratoconus 
reported the results of 35 surgeons who per- 
formed a total of 82 procedures with 64 of the 
patients (78%) having 20/40 or better best- 
corrected visual acuity postoperatively.” Dietz 
and Durrie™ described 19 procedures with 13 of 
16 patients (81%) having 20/40 or better visual 
acuity six months after epikeratoplasty for ker- 
atoconus. 

The introduction of epikeratoplasty as an 
effective alternative to penetrating keratoplasty 
has raised questions as to which surgical mo- 
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dality is optimal for the treatment of keratoco- 
nus. We compared these two procedures direct- 
ly. Two previous studies, each with small 
numbers of patients, have compared epikerato- 
plasty to penetrating keratoplasty. We treat- 
ed 47 patients with keratoconus who had un- 
dergone epikeratoplasty or penetrating 
keratoplasty. 


Patients and Methods 


Epikeratoplasty group—Since February 1986, 
26 patients (31 eyes) underwent epikerato- 
plasty for keratoconus. All procedures were 
performed by one of us (J.D.G.) after obtaining 
informed consent from the patients. The crite- 
ria for inclusion in this surgical group were 
contact lens—intolerant keratoconus and no cor- 
neal scarring within 2.0 mm of the visual axis. 
The average age of the patients was 30 + 9 years 
(range, 15 to 47 years). There were 16 females 
and ten males. Five patients underwent bilater- 
al procedures, and one patient had the epigraft 
removed and replaced because of inadequate 
flattening of the recipient cormea. The average 
follow-up period was 19 + 8.5 months (range, 
six to 36 months). In all cases, the lenticule was 
prepared without lyophilization. We initially 
processed human corneal tissue in a corneal 
press to restore the tissue to a uniform hydra- 
tion state. The tissue was then frozen and 
lathed on a cryolathe to form a plano-power 
lenticule. The central thickness was 0.2 mm 
with a 1.5-mm wing and an overall diameter of 
9.0 mm. The lenticule was stored in McCarey- 
Kaufman medium for a maximum of 72 hours 
before surgery. 

The surgical technique consisted of mechani- 
cal epithelial débridement of the recipient cor- 
nea followed by trephination with an 8.0-mm 
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single-blade vacuum trephine to a depth of 
approximately 0.25 mm. A 0.5-mm annular 
keratectomy was then performed on the inner 
aspect of the trephination. The lenticule was 
secured with 16 interrupted 10-0 nylon sutures 
with adjustable knots. The sutures were adjust- 
ed under a surgical astigmometer. Pressure 
patching was used postoperatively until the 
graft surface was completely epithelialized. Ep- 
ithelialization was complete by the fourth post- 
operative day in all cases. Sutures were re- 
moved when spontaneous loosening occurred; 
selective suture removal for astigmatism con- 
trol was initiated at the end of the second 
postoperative month. By the sixth postopera- 
tive month, all sutures had been removed. 

Penetrating keratoplasty group—Since 1986, 
14 patients (16 eyes) underwent penetrating 
keratoplasty for keratoconus by one of us 
(J.D.G.). All patients had significant corneal 
scarring over the visual axis, thereby excluding 
them as appropriate candidates for epikerato- 
plasty. The average age of the patients undergo- 
ing penetrating keratoplasty was 37 + 11 years 
(range, 23 to 64 years). There were four women 
and ten men. Two patients underwent bilateral 
penetrating keratoplasty. The average follow- 
up period was 20 + 12 months (range, six to 36 
months). 

The surgical technique in all 16 cases consist- 
ed of an 8.2-mm graft placed into an 8.0-mm 
recipient bed, which was prepared with vacu- 
um trephine and corneal scissor dissection. The 
graft was secured to the recipient bed with 16 
interrupted 10-0 nylon sutures in 12 cases and 
with eight interrupted sutures and a 16-bite 
10-0 nylon running suture in four cases. All 
sutures were removed by one year postopera- 
tively. Selective suture removal to correct astig- 
matism was initiated after the third postopera- 
tive month. 


TABLE 1 
POSTOPERATIVE UNCORRECTED VISUAL ACUITY AFTER PENETRATING KERATOPLASTY AND EPIKERATOPLASTY 


eee ——————————— eee 


PENETRATING KERATOPLASTY GROUP 


EPIKERATOPLASTY GROUP 





3 


6 


12 


24 


SNELLEN MONTHS MONTHS MONTHS MONTHS 
VISUAL (N = 13) (N = 16) (N = 15) (N = 5) 
ACUITY NO. (%) NO. (%} NO. (%) NO. (%) 

20/10-20/20 0 (0) 0 (0) 0 (0) 0 (0) 
20/25-20/30 1 (8) 2 (12) 6 (40) 3 (60) 
20/40 2 (15) 3 (19) 0 (0) 0 (0) 
Worse than 20/50 10 (77) 11 (69) 9 (60) 2 (40) 


36 3 6 12 24 36 
MONTHS MONTHS MONTHS MONTHS MONTHS MONTHS 
(N = 2) (N = 23) (N = 28) (N = 28) (N = 15) (N = 5) 
NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) 
0 (0) 1 (4) 0 (0) 0 (0) 0 (0) 0 (0) 
1 (50) 0 (0) 2 (7) 2 (7) 0 (0) 1 (20) 
0 (0) 2 (9) 1 (4) 4 (14) 0 (0) 0 (0) 
1 (50) 20 (87) 25 (89) 22 (79) 15 (100) 4 (80) 
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TABLE 2 
SPECTACLE-CORRECTED VISUAL ACUITY AFTER PENETRATING KERATOPLASTY AND EPIKERATOPLASTY 


PENETRATING KERATOPLASTY GROUP 


EPIKERATOPLASTY GROUP 


PREOP- 3 6 12 24 36 PREOP- 3 6 12 24 36 

SNELLEN ERATIVE MONTHS MONTHS MONTHS MONTHS MONTHS ERATIVE MONTHS MONTHS MONTHS MONTHS MONTHS 

VISUAL (N = 16) (N=12) (N= 16) (N= 15) (N = 6) (N = 2) (N= 31) (N = 23) (N= 28) (N = 29) (N= 15) (N = 6) 

ACUITY NO. (%) NO. (%) NO. (%) NO.(%) NO. (%) NO. (%) NO. (%) NO.(%) NO.(%) NO. (%) NO. (%) NO. (%) 
20/10-20/20 0(0) 0(0) 0(0) 5(33) 1(17) +1(50) 00 14 3(11) 2(7) Of) ~~ 1(17) 
20/25-20/30 0(0)  5(42) 14(88) 9(60) 5(83) 1(50) 4(13) 5(22) 10(36) 12(41) 7(46) 1(17) 
20/40 0(0)  4(33) 0(0) O(0) O() 0(0) 4(13) 6(26) 7(25) 8(28) 4(27) 1(17) 
Worse than 20/50 16(100) 3(25) 2(12) 1(7) 00) O(0) 23(75) 11(48) 8(29) 7(24) 4(27)  3°(50) 


Although the entry criteria for the two groups 
were different, the patient population was ho- 
mogeneous with respect to age, contact lens 
intolerance, and presurgical corneal curvature 
(keratometry). At one year postoperatively, 13 
of 14 patients (93%) returned for follow-up. 


Results 


To assess the relative effectiveness of epiker- 
atoplasty and penetrating keratoplasty in the 
visual rehabilitation of keratoconus, data were 
analyzed regarding Snellen visual acuity (un- 
corrected, spectacle-corrected, and contact 
lens—corrected), spherical equivalents, and ker- 
atometry readings at three, six, 12, 24, and 36 
months postoperatively. 

In every category of comparison, penetrating 
keratoplasty produced superior visual acuity 
relative to epikeratoplasty. One year postopera- 
tively, six of 28 eyes (21%) in the epikerato- 
plasty group had visual acuity of 20/40 or 
better without correction compared with six of 
15 eyes (40%) in the penetrating keratoplasty 
group (Table 1). 


Before the operation, only eight of 31 eyes 
(26%) in the epikeratoplasty group had specta- 
cle-corrected visual acuity of 20/40 or better 
because of irregular astigmatism; all of the 16 
eyes in the penetrating keratoplasty group had 
best-corrected spectacle visual acuity worse 
than 20/40 because of corneal scars in the 
visual axis. One year postoperatively, most of 
the patients in both groups demonstrated im- 
proved spectacle-corrected vision with 22 of 29 
eyes (76%) in the epikeratoplasty group and 14 
of 15 eyes (93%) in the penetrating keratoplasty 
group having 20/40 or better visual acuity 
(Table 2). 

Best-corrected visual acuity was obtained 
with contact lenses (Table 3). Figure 1 compares 
the contact lens—corrected visual acuity of both 
groups one year postoperatively. Fourteen of 15 
eyes (93%) in the penetrating keratoplasty 
group and 27 of 29 eyes (93%) in the epikerato- 
plasty group had contact lens—corrected visual 
acuity of 20/40 or better at one year postopera- 
tively. However, with contact lens correction, 
11 of 15 eyes (73%) in the penetrating kerato- 
plasty group had visual acuity of 20/20 or 
better, whereas only seven of 29 eyes (24%) in 
the epikeratoplasty group had visual acuity of 


TABLE 3 
CONTACT LENS-CORRECTED VISUAL ACUITY AFTER PENETRATING KERATOPLASTY AND EPIKERATOPLASTY 


PENETRATING KERATOPLASTY GROUP 


EPIKERATOPLASTY GROUP 


PREOP- 3 6 12 24 
SNELLEN ERATIVE MONTHS MONTHS MONTHS MONTHS 
VISUAL (N= 16) (N=6) (N=15) (N=15) (N=7) 
ACUITY NO. (%) NO. (%) NO. (%) NO.(%) NO. (%) 
20/10-20/20 0 (0) 2 (33) 4(27) 11(73) 3 (48) 
20/25-20/30 0 (0) 4(67) 9 (60) 3 (20) 3 (43) 
20/40 0 (0) 0 (0) 1 (7) 0 (0) 1 (14) 


Worse than 20/50 16 (100) 


0 (0) 


1 (7) 1 (7) 


0 (0) 


36 PREOP- 3 6 12 24 36 
MONTHS ERATIVE MONTHS MONTHS MONTHS MONTHS MONTHS 
(N= 2) (N=30) (N=0) (N= 25) (N= 29) (N= 13) (N = 5) 
NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) 
2(100) 1(3) 0O(0) 5(20) 7(24) 3(24) 1 (20) 
0(0)  12(40) 0(0) 10(40) 14(48) 7(54) 3 (60) 
0 (0) 8(27) O(0) 7(28) 6(21) 2(15) 1 (20) 
0 (0) 9(30) O(0) 3(12) 2(7) ~1(8) 0(0) 
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20/20 or better after one year, which repre- 
sents a significant difference in frequency (chi- 
square = 48.06, P < .0001). Multiple linear 
regression analysis on contact lens-corrected 
visual acuity by surgical group did not demon- 
strate a significant change in slope from six to 
36 months for either group (epikeratoplasty, r 
= —.14, F = 1.45, P = .23; penetrating kerato- 
plasty, r = —.17, F = 0.98, P = .33). These 
results suggest stability of results over time for 
both surgical groups (Fig. 2). A small but signif- 
icant difference in contact lens—corrected visual 
acuity between groups over time was noted 
(multiple linear regression analysis between 
groups, F = 3.5, P = .03). This difference 
reflects a slightly better visual rehabilitation 
outcome with the penetrating keratoplasty pro- 
cedure. 

Patients in both groups had similar preopera- 
tive keratometry readings. The average kera- 
tometry reading for 31 eyes in the epikerato- 
plasty group was 60.10 diopters (standard 
deviation, 9.84 diopters) and the average astig- 
matism was 9.86 diopters (standard deviation, 


BEST CORRECTED CL VISUAL ACUITY 20/ 


POST OPERATIVE MONTH 





20/50 or greater 


EPI o r=—0.14 
PKp@ r=—0.17 





Fig. 1 (Goosey and associates). A compari- 
son of best-corrected visual acuity for pene- 
trating keratoplasty and epikeratoplasty one 
year postoperatively. The percentages of 
eyes that fall within four visual acuity cate- 
gories are depicted. (PKP indicates penetrat- 
ing keratoplasty and EKP indicates epikera- 
toplasty.) 


8.17 diopters). The 14 eyes in the penetrating 
keratoplasty group had an average keratometry 
reading of 58.03 diopters (standard deviation, 
7.38 diopters) and demonstrated an average 
astigmatism of 10.23 diopters (standard devia- 
tion, 10.08 diopters) (Table 4). Both procedures 
resulted in significant corneal flattening with 
the eyes in the penetrating keratoplasty group 
having an average of 3 diopters more flattening 
than the eyes in the epikeratoplasty group one 
year postoperatively (Fig. 3). The keratometry 
measurements between six and 36 months for 
each group do not show a significant trend 
toward preoperative keratometry values (epi- 
keratoplasty, r = .12, F = 0.96, P = .33; pene- 
trating keratoplasty, r = .21, F = 1.33, P = .26). 
Although both procedures produced substan- 
tial keratometric reductions, there was a highly 
significant difference between groups, which 
reflected the greater amount of corneal flatten- 
ing found in eyes in the penetrating keratoplas- 
ty group (F = 32.56, P < .00001). 

Table 5 summarizes the mean and standard 
deviation of spherical equivalent and range for 


Fig. 2 (Goosey and associates). Scatter- 
gram of contact lens—corrected visual acuity 
over postoperative months for both pene- 
trating keratoplasty and epikeratoplasty 
groups. Lines of best fit have been drawn 
through the individual data points of each 
group. (EPI indicates epikeratoplasty and 
PKP indicates penetrating keratoplasty.) 


0 
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TABLE 4 
KERATOMETRY SUMMARY AFTER PENETRATING KERATOPLASTY AND EPIKERATOPLASTY 


eee 
PENETRATING KERATOPLASTY GROUP EPIKERATOPLASTY GROUP 





PREOP- 6 12 24 36 PREOP- 6 12 24 36 
ERATIVE MONTHS MONTHS MONTHS MONTHS ERATIVE MONTHS MONTHS MONTHS MONTHS 
(N = 14) (N = 12) (N = 11) (N = 8) (N = 3) (N = 31) (N = 26) (N = 29) (N = 13) (N = 2) 


Grand 58.03,+7.4 42.85,+3.5 43.71,+3.7 44.43,+1.9 44.54,+2.5 60.10,+9.8 48.43,+3.0 48.87,+2.9 49.01,+3.0 48.72,+0.1 
mean 

High K 63.14,+8.8 44.25,+3.3 45.20,+3.7 46.00,+2.1 46.04,+2.6 65.22,+12.3 50.18,+3.3 50.42,+3.3 51.22,+3.7 50.44,+0.8 

LowK 52.91,+9.0 41.46,+4.0 42.21,+3.9 42.87,+2.2 43.04,+2.6 54.98,+8.4 46.68,+3.0 47.32,+2.9 46.81,+2.8 47.00,+0.7 

Delta K 10.23,+10.0 2.79,4+12.1 2.99,+1.8 3.13,+2.0 3.00,+1.1 10.24,+7.7 3.50,+2.2 3.10,+1.9 441,426 3.44,+1.5 





each group preoperatively and at six and 12 
months postoperatively. Because of the irregu- 
lar astigmatism characteristically found in ker- 
atoconus, manifest preoperative correction may 
vary greatly from one visit to the next for an 
individual patient and has limited clinical val- 
ue. One year postoperatively, however, the eyes 
in both groups demonstrated a 40% to 50% 
reduction from preoperative myopia. 

Of 32 epikeratoplasty procedures, one (3%) 
resulted in inadequate flattening of the recipi- 
ent cornea, necessitating removal and replace- 
ment of the epigraft. Final contact lens—cor- 
rected visual acuity of 20/30 was attained in 
this patient one year after the second operation. 
No persistent epithelial defects occurred with 
any of the epikeratoplasty grafts in this series. 

In the penetrating keratoplasty group, graft 
reactions were observed in five of 16 eyes (31%) 
during the first postoperative year, and a sec- 
ond graft reaction occurred in one patient dur- 
ing the second year. All immune reactions were 
successfully treated with topical corticoste- 
roids. One patient had a traumatic wound de- 
hiscence at four months postoperatively that 


was successfully repaired, with final best-cor- 
rected visual acuity of 20/20. 





Discussion 





In this study 41 of 44 eyes (93%) of both 
surgical groups had best-corrected visual acu- 
ity of 20/40 or better one year postoperatively. 
This confirms the findings of other reports’ in 
which the two procedures yielded equivalent 
20/40 or better best-corrected visual acuity. In 
contrast to these studies, we extended the anal- 
ysis to include visual acuity better than 20/40. 
Despite clear grafts in both groups, the pene- 
trating keratoplasty procedure resulted in a 
significantly higher percentage of eyes that had 
visual acuity of 20/20 than that found in the 
epikeratoplasty group (Fig. 1). To explain this 
discrepancy, we postulate that the flattening of 
the recipient cornea associated with the epiker- 
atoplasty procedure results in the formation of 
microscopic folds in the recipient Bowman’s 
layer, which occasionally give the interface a 


60 + 
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TABLE 5 
SPHERICAL EQUIVALENT IN DIOPTERS AFTER PENETRATING KERATOPLASTY AND EPIKERATOPLASTY 


aaae 


PENETRATING KERATOPLASTY GROUP EPIKERATOPLASTY GROUP 








PREOP- 3 6 12 24 36 PREOP- 3 6 12 24 36 

ERATIVE MONTHS MONTHS MONTHS MONTHS MONTHS ERATIVE MONTHS MONTHS MONTHS MONTHS MONTHS 

(N=8) (N=12) (N=15) (N=15) (N=8) (N=4) (N=30) (N=20) (N=28) (N=28) (N=24) (N= 6) 
Average -3.41 -1.83 -1.94 -1.93 -253 -0.41 -7.91 -2.12 -3.28 -3.83 -7.35 -5.06 
Standard 4.0 4.5 3.2 4.1 2.5 2.8 7.3 3.6 3.5 2.8 4.3 3.2 


deviation 
Low range -—10.0 —7.75 —7.63 —9.00 —6.13 —4.0 —35.75 -—8.60 —950 -11.63 -20.00 -8.88 
High range 1.0 4.63 3.63 5.13 0.63 2.88 1.38 3.00 1.50 1.13 —3.5 —0.75 


a 


granular appearance when examined with bio- 
microscopy. These interface changes may pro- 
duce a loss of retinal image contrast secondary 
to increased glare. Our results indicate that 
patients who underwent penetrating kerato- 
plasty had a better chance of attaining 20/20 
best-corrected visual acuity. This should be 
considered when determining the optimal pro- 
cedure for a given patient. 

Both surgical procedures resulted in signifi- 
cant and stable corneal flattening as determined 
by sequential keratometry readings. This 
caused a reduction in preoperative myopia for 
both surgical groups (Table 5). Flattening was 
greatest in the eyes in the penetrating kerato- 
plasty group, although both groups of patients 
were successfully fitted with contact lenses. 
Steeper postoperative corneas, found in epiker- 
atoplasty patients, usually required a small di- 
ameter (7.7-mm to 7.8-mm), gas-permeable 
contact lens that was designed to fit within the 
boundaries of the graft. 

Epikeratoplasty for the correction of kerato- 
conus is generally considered safer than pene- 
trating keratoplasty because it is an extraocular 
procedure that maintains the structural integri- 
ty of the globe and minimizes the risk of im- 
mune reaction. The final visual outcome, how- 
ever, is often superior with penetrating 
keratoplasty. Unfortunately there is no simple 
answer as to which procedure is optimal for the 
individual patient who is intolerant to contact 
lens wear and has no central scarring. Apprais- 
al of a patient’s lifestyle and self-care capability 
are helpful in determining which surgical pro- 
cedure should be performed. Epikeratoplasty 
might be the preferred procedure for patients 
who engage in strenuous physical activity, be- 
cause the partial-thickness incision created 
during this procedure is more structurally 
sound than the full-thickness incision pro- 


duced during penetrating keratoplasty proce- 
dures. Compliance with postoperative instruc- 
tions and access to ophthalmic care are 
important for both procedures in the early post- 
operative period but become less important 
after suture removal for the patient who has 
undergone epikeratoplasty, since the risk of 
immune reaction is negligible. Alternatively, 
graft failure secondary to immune reaction is a 
lifelong threat to vision for patients who have 
undergone penetrating keratoplasty. In our 
study, five of the 16 eyes (31%) that underwent 
penetrating keratoplasty had graft reactions. 
Although each graft reaction was successfully 
treated, their occurrence underscores the im- 
portance for patients who have undergone pen- 
etrating keratoplasty to have access to ophthal- 
mic care. 

This study confirms and expands previous 
comparisons between epikeratoplasty and pen- 
etrating keratoplasty procedures. Our analysis 
has attempted to clarify the role of each surgical 
alternative in the management of keratoconus. 
We believe that epikeratoplasty is not a replace- 
ment for penetrating keratoplasty but should 
be considered an effective modality for the 
treatment of appropriately selected patients 
with keratoconus. 
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OPHTHALMIC MINIATURE 
Zelke would turn her eyes on him slowly—they moved around into sight 
from under her eyebrows like the barrel of a well-kept gun; they were hard 
like metal and strong, and she was always conscious of them even in sleep. 
When she would close her eyes before saying her prayers, she would remark 
to Swart, “I draw the hood over the artillery.” And Swart would smile, 


nodding his large head. 


Djuna Barnes, Smoke, in The Heath Anthology of American Literature, vol. 2 


D. C. Heath and Co., 1990, p. 1260 





Endoscopic Laser-Assisted Lacrimal Surgery 





Russell S. Gonnering, M.D., David B. Lyon, M.D., and John C. Fisher, Sc.D. 


Since Sept. 1, 1989, we have successfully 
performed 20 video-endoscopic, transnasal, 
laser-assisted lacrimal procedures on 18 pa- 
tients ranging in age from 3 to 88 years. This 
technique avoided a cutaneous scar and 
caused less surgical trauma and bleeding than 
that seen in conventional lacrimal surgery, 
which shortened postoperative recovery time 
and lessened postoperative pain. With minor 
modifications in surgical technique, both dac- 
ryocystorhinostomy and conjunctivodacryo- 
cystorhinostomy were performed with either 
the potassium titanyl phosphate or carbon 
dioxide lasers. The use of the video endoscope 
allowed laser surgery to be performed across a 
broad range of intranasal structural variations 
and provided an excellent medium for teach- 
ing this new technique. 


G INCE THE DESCRIPTION of external dacryocysto- 
rhinostomy by Toti’ in 1904, subsequent modi- 
fications by Dupuy-Dutemp and Bourguet*” in 
1920 and 1921, and conjunctivodacryocysto- 
rhinostomy with tube placement by Jones’ in 
1962, these two surgical procedures have 
provided the mainstay of therapy for patients 
with obstruction of the lacrimal excretory sys- 
tem. Both procedures involve an external ap- 
proach to the lacrimal system with attendant 
surgical trauma to surrounding structures to 
gain the necessary exposure to perform the 
bypass of the lacrimal system. 

Massaro, Gonnering, and Harris’ described 
endonasal laser dacryocystorhinostomy using a 
high-energy argon laser and the operating mi- 
croscope. We modified this technique, em- 
ployed video endoscopy, and used either the 
carbon dioxide or potassium titanyl phosphate 
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laser to perform both dacryocystorhinostomy 
and conjunctivodacryocystorhinostomy. 





Patients and Methods 





Since Sept. 1, 1989, we have performed 20 
endoscopic laser-assisted lacrimal procedures 
on 18 patients. Data concerning these patients 
are found in the Table. The age range of these 
patients at the time of surgery was 3 to 88 years. 
The surgery was performed in an outpatient 
setting with local anesthesia and intravenous 
sedation, unless the patient’s age or strong 
personal preferences necessitated general anes- 
thesia. Patients were excluded if there was 
suspicion of a lacrimal sac neoplasm or if there 
was evidence of severe posttraumatic bony de- 
formity of the lacrimal sac fossa. 

The patients were given two sprays of 0.05% 
oxymetazoline hydrochloride nasal spray in the 
affected nostril to begin shrinkage of the nasal 
mucosa. After adequate intravenous sedation or 
introduction of general anesthesia, 4% topical 
cocaine was applied on pledgets to the antero- 
nasal passages. Anesthesia of the medial com- 
missure and lacrimal sac fossa was obtained by 
local anesthetic injection techniques. 

After at least seven minutes, the cocaine 
packing was removed and a 0-degree operating 
rod telescope with attached videocamera was 
introduced into the nose. Examination of the 
area anterior to middle nasal turbinate was then 
performed. 

For dacryocystorhinostomy, a modified 20- 
gauge fiberoptic light pipe was lubricated with 
antibiotic ointment, inserted through the dilat- 
ed inferior or superior canaliculus, and ad- 
vanced into the lacrimal sac into contact with 
the medial wall of the lacrimal sac fossa. The 
light pipe was held in position with sterile tape. 

For conjunctivodacryocystorhinostomy, a 
partial carunculectomy was performed if need- 
ed. Next, the 16-gauge X 2%-inch long radi- 
opaque catheter over a 20-gauge introducer 
needle was directed from the caruncle, into the 
lacrimal sac fossa, and up to the lacrimal bone 
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CASE NO., AGE (YRS), SEX 





Endoscopic Laser-Assisted Lacrimal Surgery 


TABLE 
DATA ON PATIENTS UNDERGOING LASER-ASSISTED LACRIMAL SURGERY* 


PROCEDURE 


1, 66, F Dacryocystorhinostomy 
2, 88, F Dacryocystorhinostomy 
3, 50, F Conjunctivodacryocystorhinostomy 
4, 49, M Dacryocystorhinostomy 
5, 59, M Conjunctivodacryocystorhinostomy 
6, 29, F Conjunctivodacryocystorhinostomy (2) 
7, 80, F Conjunctivodacryocystorhinostomy 
8, 33, M Dacryocystorhinostomy 
9, 75, F Dacryocystorhinostomy 

10, 82, F Bilateral dacryocystorhinostomy 

tt, oe, F Dacryocystorhinostomy 

12, 59, F Dacryocystorhinostomy 

13, 76, F Dacryocystorhinostomy 

14, 68, F Dacryocystorhinostomy 

15, 3, M Dacryocystorhinostomy 

16, 46, F Dacryocystorhinostomy 

17, 22,M Dacryocystorhinostomy 

18, 77, F Dacryocystorhinostomy 
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FOLLOW-UP (MOS) 


FROM SURGERY FROM TUBE REMOVAL 


LASER 

Carbon dioxide 13 7 
Carbon dioxide 13 7 
Carbon dioxide 12 NA 
Carbon dioxide 12 6 
Carbon dioxide 11 NA 
Potassium titanyl phosphate 6 NA 
Potassium titanyl phosphate 6 NA 
Potassium titanyl phosphate 6 2 
Potassium titanyl phosphate 6 1.5 
Potassium titanyl phosphate 4 0 
Potassium titanyl phosphate 4 0 
Potassium titanyl phosphate 4 Tube in place 
Potassium titanyl phosphate 4 Tube in place 
Potassium titanyl phosphate 3 Tube in place 
Potassium titanyl phosphate 3 Tube in place 
Potassium titanyl phosphate 2.0 Tube in place 
Potassium titanyl phosphate 2.5 Tube in place 
Potassium titanyl phosphate 2 Tube in place 


*NA indicates not applicable. 


(Fig. 1). The needle was removed, and the 
catheter hub was cut off with scissors to allow 
passage of the light pipe through the catheter 
tip up to the lacrimal bone. 

With the endoscope, a discrete spot of transil- 
luminated light from the light pipe could be 
seen, which marked the site of intended rhinos- 
tomy (Fig. 2). To visualize this spot, the light 
from the endoscope was reduced to its lowest 
setting. If a diffuse spot indicated lack of con- 
tact between the light pipe and the lacrimal 
bone, repositioning of the light pipe was neces- 
sary. Local anesthetic with 1:100,000 epineph- 
rine was then injected under endoscopic con- 
trol into the nasal mucosa overlying the spot. If 
viewing of this area was awkward with the 
0-degree telescope, a better view was possible 
by substituting the 30-degree telescope. 

Because of the potential for ocular damage, 
especially with visible light lasers, appropriate 
laser safety precautions for the patient and the 
operating team were taken. The patient’s eyes 
were covered with a doubled strip of aluminum 
foil, reflective side out, taped in place, and 
further covered with a moistened sponge. All 
members of the operating team wore appropri- 
ately filtered protective glasses. If oxygen was 
administered to an awake patient, it was 


stopped during laser administration to prevent 
the danger of flash fire in the operative field. If 
general anesthesia was used, the endotracheal 
tube was protected with aluminum foil. 

Laser rhinostomy was then performed with 
video-endoscopic visualization. With the po- 
tassium titanyl phosphate laser, the energy was 
delivered through a 300- to 600-ym fiber that 
was passed through an angulated endoscopic 
laser suction tip. An electronically activated 
filter was fitted between the endoscope and the 
videocamera to prevent damage to the camera 
and allow visualization during the intense 
green light of laser delivery. Half-second puls- 
es of 5 to 7 W of laser energy separated by 
half-second pauses were delivered in a noncon- 
tact mode to the mucosa surrounding the pro- 
posed rhinostomy. Next, in a near-contact 
mode, vaporization of tissue was performed to 
produce a 5- to 6-mm rhinostomy over the area 
of the light pipe for dacryocystorhinostomy and 
a 3- to 4-mm rhinostomy for conjunctivodacry- 
ocystorhinostomy. 

The carbon dioxide laser energy was deliv- 
ered through an articulated arm of a 55-W 
surgical laser attached to a small-wave guide. 
Distal mirrors of varying angulation on the 
wave guide directed both the helium-neon aim- 
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Fig. 1 (Gonnering, Lyon, and Fisher). Placement of 
introducer needle and catheter from caruncle across 
lacrimal sac fossa to abut the lacrimal bone. 


ing beam and the carbon dioxide surgical beam 
to the desired area. The superpulse mode was 
used with 750 laser pulses per second deliver- 
ing 8 to 14 W of energy to create rhinostomies 
similar to those produced with the potassium 
titanyl phosphate laser. With both lasers, the 
rhinostomy was produced in approximately 
three to five minutes of intermittent laser time 
with manipulation of the laser delivery beam 
and light pipe to create an opening of the 
desired size. 

With dacryocystorhinostomy, after produc- 
tion of the rhinostomy, silicone intubation was 
performed and left in place for four to six 
months. With conjunctivodacryocystorhino- 
stomy, after production of the rhinostomy, the 
light pipe was removed, the catheter was ad- 
vanced into the nose, and the 0.035-inch flex- 
ible guide wire was inserted through the cathe- 
ter, across the rhinostomy, and out the nostril 
(Fig. 3). The catheter was then viewed endo- 
scopically, and an approximation of the proper 
Jones tube length was gauged by grasping the 


February, 1991 


Fig. 2 (Gonnering, Lyon, and Fisher). Video-endo- 
scopic view of left nasal passage during laser-as- 
sisted lacrimal surgery. (S, nasal septum; L, lateral 
nasal wall; MT, middle turbinate; arrowhead, dis- 
crete transillumination from light pipe.) 


catheter with forceps at the medial commissure. 
The catheter was then withdrawn, leaving the 
guide wire in place. By measuring from the tip 
of the catheter to the forceps, an approximation 
of the length of Jones tube required can be 
made. 

The vessel dilator was then cut approximately 
4 cm from its distal end. This cut segment of 
dilator was threaded over the guide wire to act 
as an introducer for the Jones tube. The Jones 
tube was threaded on the guide wire behind the 
dilator segment (Fig. 4). With the vessel dilator 
ahead of it, the Jones tube was then easily 
advanced along the guide wire and into the 
nose. After proper Jones tube length was con- 
firmed, the vessel dilator and guide wire were 
both removed from the nostril, and a suture was 
used to fix the Jones tube at the medial commis- 
sure for the initial postoperative healing phase. 

Bleeding was usually minimal, and no pack- 
ing was required unless there was an extensive 
turbinectomy. Postoperative medications in- 
cluded topical antibiotics and intranasal fluni- 
solide 0.025% spray. 


Results 


Of the 20 procedures, five were conjuncti- 
vodacryocystorhinostomies. Five procedures 
were performed with the carbon dioxide laser, 
and 15 were performed with the potassium 
titanyl phosphate laser. The patient in Case 10 
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Fig. 3 (Gonnering, Lyon, and Fisher). Video-endo- 
scopic view of passage of guide wire through catheter 
and into nose. 


underwent bilateral dacryocystorhinostomy. 
The Jones tube in one patient (Case 6) dis- 
lodged one week postoperatively because she 
was rubbing her eye. Three weeks later, repeat 
conjunctivodacryocystorhinostomy was neces- 
sary in this patient since the rhinostomy had 
closed. Silicone tubing was removed from pa- 
tients who had had dacryocystorhinostomy 
four to six months postoperatively. All patients 
had relief of symptoms with normal results of 
dye-disappearancee tests. 


Discussion 


Caldwell’ described the intranasal approach 
to dacryocystorhinostomy in 1893, in which a 
portion of the inferior turbinate was removed 
and the nasolacrimal canal was followed to the 
lacrimal sac. West’ subsequently refined this 
technique by substituting a window resection 
over the lacrimal sac for wide resection. Al- 
though this method was used extensively earli- 
er in this century, it has been all but abandoned 
by ophthalmologists, despite an increase in 
interest in the otolaryngologic literature.” 

Within the past five years, a marked shift to 
endoscopic nasal and sinus surgery has oc- 
curred in otolaryngology.’ The increased vis- 
ualization allowed with this instrumentation 
has resulted in precise, microinvasive surgical 
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Fig. 4 (Gonnering, Lyon, and Fisher). Use of vessel 
dilator for placement of Jones tube along guide wire. 


technique, applicable to most patients, with 
high success and less morbidity than that seen 
with either open procedures or transnasal pro- 
cedures done without the endoscope. 

The endoscope has been used before in lacri- 
mal surgery to document the patency of the 
rhinostomy,”™* as well as to manage failed dac- 
ryocystorhinostomy surgery’ and complica- 
tions of conjunctivodacryocystorhinostomy.” 
Four patients have been described by Rice” in 
whom conventional intranasal dacryocystorhi- 
nostomy was performed with the endoscope. 
Although endonasal lacrimal surgery can be 
performed with the operating microscope, the 
endoscope allows such procedures to be per- 
formed without the need for an open line of 
sight to the area of rhinostomy. Small move- 
ments of the patient do not require complex 
repositioning of the patient/microscope axis. 
The addition of the videocamera provides a 
magnified, on-screen view of the procedure to 
the surgeon and operating team, which is most 
useful when the surgical training of residents 
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and fellows is a secondary goal of the proce- 
dure. 

Although endonasal dacryocystorhinostomy 
was originally described with the argon laser, 
both dacryocystorhinostomy and conjunctivo- 
dacryocystorhinostomy can be performed with 
either the potassium titanyl phosphate or the 
carbon dioxide laser. Both of these lasers cur- 
rently are approved for intranasal surgery. The 
potassium titanyl phosphate laser consists of an 
Nd:YAG laser source, which is passed through a 
frequency-doubling crystal of potassium titanyl 
phosphate, producing a single output wave- 
length of 532.0 nm." When used with a quartz 
delivery fiber, hemostasis is produced in the 
noncontact mode, and tissue vaporization can 
be accomplished with near-contact delivery. 
When used in the contact mode, precise tissue 
cutting is possible. Although the output of the 
argon laser is similar at 488.0 and 514.5 nm, 
direct contact of the fiber with tissue can result 
in fiber damage and the need to cleave the fiber 
to deliver precontact energy levels. 

The carbon dioxide laser has had a history of 
successful use in the upper airway.’’*’ This in- 
frared laser, at 10,600 nm, affords excellent 
vaporization of tissue with little thermal 
spread, especially when used in the superpulse 
mode. This wavelength, however, possesses 
only moderate hemostatic abilities and cannot 
as yet be transmitted effectively through a fiber. 
It must be internally reflected or focused from 
an articulated delivery arm down a waveguide, 
which must be flushed with an inert gas such as 
carbon dioxide to keep the distal reflective mir- 
ror free from char from the laser plume. We 
found this more complicated delivery system, 
though effective, to be somewhat more awk- 
ward to use than the quartz delivery fiber of the 
potassium titanyl phosphate laser. 

Our guide wire and vessel dilator combina- 
tion has been described in the percutaneous 
removal of dacryoliths in the syndrome of non- 
infectious dacryocystic retention.” The use of 
this combination in placement of Jones tubes 
significantly reduces the intraoperative frustra- 
tion often accompanying attempts to pass the 
Jones tube with conventional techniques.’ 
Other authors have emphasized that the surgi- 
cal trauma and asymmetric reduction in the size 
of the rhinostomy in the healing phase of con- 
junctivodacryocystorhinostomy, as well as hy- 
permobility of a tube in a large surgical rhinos- 
tomy, may contribute to postoperative tube 
malposition.”* In our technique, the tube is 
already relatively snug in the rhinostomy at the 


conclusion of surgery, and minimal postopera- 
tive displacement, despite the early extrusion 
seen in one of our patients, should be expected. 
A valid comparison in rates of postoperative 
extrusion will require several years of observa- 
tion. 

Physicians must now evaluate not only the 
safety, but the cost and effectiveness of new 
technology and whether that new technology 
results in tangible benefits to the patient and 
society.””*> We believe that endoscopic laser- 
assisted lacrimal surgery is a new technology 
with significant individual and societal benefits 
for the following reasons: a cutaneous scar is 
avoided; surgical trauma is limited with less 
bleeding and postoperative pain; virtually all 
patients are treated as outpatients with most 
procedures performed under local anesthesia; 
postoperative recovery is shortened with most 
patients able to resume normal activities the 
next day. 

The equipment used, though expensive, is 
shared by many surgical services in a hospital. 
Adaptation for lacrimal surgery allows in- 
creased utilization of this equipment and thus 
increases its cost-effectiveness. At our hospital, 
the use of the laser adds approximately $300 to 
the operative costs of lacrimal surgery. We 
believe this cost is more than balanced by the 
ability to perform all our lacrimal surgery on an 
outpatient basis and the much more rapid re- 
turn of the patient to work, school, or other 
normal activities. 

Contraindications to this technique include 
suspicion of lacrimal sac malignancy and severe 
bony deformity of the lacrimal sac fossa, which 
prevent accurate transillumination through the 
lacrimal bone. Because the anterior lacrimal 
crest is not removed with this technique, rhi- 
nostomy sites tend to be more inferior and 
posterior than those performed in conventional 
external approaches. Consequently, many pa- 
tients require at least a partial turbinectomy, 
especially when conjunctivodacryocystorhino- 
stomy is performed.” Although turbinate muco- 
sa can safely be excised with the laser, care 
must be used when resecting conchal bone with 
the laser to avoid overheating and possible 
necrosis and sequestration.” Longer Jones 
tubes are often necessary, with most patients 
requiring a tube approximately 20 to 22 mm in 
length. Adequate supplies of long tubes must 
be available for this procedure. 

Although the learning curve for video endos- 
copy is somewhat steep, the outcomes to date 
have been uniformly positive. The increased 
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experience of multiple surgeons, however, will 
be necessary to evaluate the clinical usefulness 
of these procedures adequately. 
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Posterior Chamber Intraocular Lens Implantation in Eyes 


With Inactive and Active Proliferative Diabetic 


Retinopathy 
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Richard S. Ruiz, M.D., and Osman A. Saatci, M.D. 


We reviewed the records of 2,100 consecutive 
eyes that had undergone extracapsular cata- 
ract extraction with intraocular lens implan- 
tation between January 1981 and December 
1989. Of these eyes, 21 had inactive and four 
had active proliferative diabetic retinopathy 
at the time of cataract extraction. Twenty-one 
eyes with inactive proliferative diabetic reti- 
nopathy received extracapsular cataract ex- 
traction with posterior chamber intraocular 
lens implantation, and four eyes with active 
proliferative diabetic retinopathy had both 
extracapsular cataract extraction with posteri- 
or chamber intraocular lens implantation and 
pars plana vitrectomy with endophotocoagu- 
lation. The mean follow-up period was 27 
months. Final visual acuity was 20/40 or better 
in 12 of 25 eyes (48%). Of 25 eyes, five (20%) 
showed progression of the retinopathy after 
the operation, and two (8%) developed macu- 
lar edema. Extracapsular cataract extraction 
and posterior chamber intraocular lens im- 
plantation was well tolerated in most eyes. 


The MAIN RISKS of cataract surgery and intraoc- 
ular lens implantation in patients with diabetes 
are progression of the retinopathy, develop- 
ment of rubeosis iridis, and difficulty in postop- 
erative examination and photocoagulation. We 
studied 21 eyes with inactive and four eyes with 
active proliferative diabetic retinopathy that 
had undergone extracapsular cataract extrac- 
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tion and implantation of sulcus-fixated posteri- 
or chamber intraocular lenses. 





Patients and Methods 





We reviewed the records of 2,100 consecutive 
eyes that had extracapsular cataract extraction 
with intraocular lens implantation between 
January 1981 and December 1989 for the pres- 
ence of proliferative diabetic retinopathy at the 
time of the cataract operation. Only eyes witha 
minimum of six months of postoperative fol- 
low-up were considered for analysis. 

Information recorded before surgery includ- 
ed age, sex, duration of diabetes, type of diabe- 
tes, best-corrected visual acuity, presence of 
rubeosis iridis, previous panretinal photocoag- 
ulation or vitreoretinal surgery, and status of 
diabetic retinopathy in the fellow eye. 

The type of surgery and the intraoperative 
complications were noted. Our standard extra- 
capsular cataract extraction technique was used 
in all cases. A limbal-based conjunctival flap 
and a 10-mm grooved incision were created, 
followed by a large anterior capsulotomy to the 
anterior insertion of the zonules. The nucleus 
was dislocated with an irrigating cannula and 
delivered with a lens loop. The cortex was 
aspirated, and the capsule was polished. A 
posterior chamber intraocular lens was placed 
in the ciliary sulcus. If there was significant 
coexistent vitreous hemorrhage, a pars plana 
vitrectomy with endophotocoagulation was 
carried out immediately after the cataract sur- 
gery. 

Postoperative data included most recent visu- 
al acuity, any change in the status of the reti- 
nopathy, macular edema, opacification of the 
posterior capsule, additional surgical proce- 
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dures including YAG capsulotomy, and dura- 
tion of follow-up. 
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Results 
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Twenty-five eyes of 19 patients were includ- 
ed. Age at the time of the cataract operation 
ranged from 27 to 73 years (mean, 56 years). 
Twelve patients were men and seven were 
women. Duration of diabetes ranged from nine 
to 40 years (mean, 23 years). Seventeen pa- 
tients had insulin-dependent diabetes and two 
patients had noninsulin-dependent diabetes. 
Preoperatively, none of the eyes had rubeosis 
iridis. Of 25 eyes, 21 had complete panretinal 
photocoagulation without neovascularization: 
one had incomplete panretinal photocoagula- 
tion with vitreous hemorrhage; and three had 
no panretinal photocoagulation with vitreous 
hemorrhage. Three eyes had one pars plana 
vitrectomy; three eyes had one pars plana vit- 
rectomy with scleral buckling; and two eyes had 
two pars plana vitrectomies. Of 13 fellow eyes, 
seven had complete panretinal photocoagula- 
tion, two had background diabetic retinopathy, 
one had neovascular glaucoma, and three had 
phthisis bulbi. Best-corrected visual acuity be- 
fore surgery and the most recent postoperative 
visual acuity are shown in the Figure. 

Twenty-one eyes with previous panretinal 
photocoagulation and no active neovascular 
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proliferation or hemorrhage were considered as 
having inactive proliferative diabetic retinopa- 
thy. In one of these eyes, the retinopathy was 
considered inactive although the fundus could 
not be examined because of a dense cataract. 
Ultrasonography, however, showed prolifera- 
tion in the vitreous cavity. Four eyes that had 
preoperative vitreous hemorrhage and no pre- 
vious photocoagulation or incomplete panreti- 
nal photocoagulation were considered to have 
active proliferative diabetic retinopathy. 

Twenty-one eyes had extracapsular cataract 
extraction with posterior chamber lens implan- 
tation and four eyes had extracapsular cataract 
extraction with posterior chamber lens implan- 
tation and pars plana vitrectomy with panreti- 
nal endophotocoagulation. Posterior capsular 
rupture without vitreous loss occurred in two 
eyes. In one eye, a capsulotomy was performed 
at the time of the operation. 

Of 25 eyes, 12 (48%) attained visual acuity of 
20/40 or better (Figure). Of the 13 eyes with 
visual acuity of 20/50 or worse, two had macu- 
lar edema, two had preretinal membranes, two 
had macular holes, two had optic atrophy, one 
had diabetic maculopathy, one had a vitreous 
hemorrhage, one had a disciform scar, one was 
enucleated, and one had clear media with no 
known cause for the decreased vision. 

Four eyes of three patients with inactive pro- 
liferative diabetic retinopathy developed new 
areas or progression of neovascularization. 
Three of these eyes received additional photo- 
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Figure (Ruiz and Saatci). 
Scattergram of best-corrected 
visual acuity before cataract 
surgery and most recent post- 
Operative visual acuity. NLP 
indicates no light perception; 
LP indicates light perception; 
HM indicates hand motions; 
and CF indicates counting 
fingers. 
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coagulation postoperatively and underwent 
pars plana vitrectomy later with supplemental 
scattered endophotocoagulation because of re- 
current and persistent vitreous hemorrhages. 
After treatment, there was no progression of 
the retinopathy. The eye with a dense cataract 
and ultrasonographic findings of proliferation 
in the vitreous developed rubeosis iridis and a 
tractional retinal detachment 11 months post- 
operatively. Despite medical treatment with 
atropine and corticosteroid eyedrops, extensive 
posterior synechiae developed, and an argon 
laser iridotomy was necessary to relieve pupil- 
lary block. Further photocoagulation was not 
possible because of extremely poor visualiza- 
tion of the fundus. Phthisis bulbi developed, 
and the eye was enucleated 49 months after 
cataract surgery. 

Three of the four eyes with active prolifera- 
tive diabetic retinopathy that underwent the 
combined procedure did not show progression 
of the retinopathy postoperatively. One eye 
developed recurrent vitreous bleeding after the 
surgery and was lost to follow-up. Two eyes of 
one patient with inactive proliferative diabetic 
retinopathy developed macular edema three 
and five months postoperatively. One eye had 
undergone YAG laser capsulotomy before the 
development of macular edema, whereas the 
other eye had an intact capsule. One eye 
developed diabetic maculopathy four years 
postoperatively and was treated by focal laser 
treatment. 

The posterior capsule became opaque in ten 
of 24 eyes (41.7%). YAG laser capsulotomy was 
performed two to 14 months after the cataract 
surgery (mean, seven months). One eye under- 
went capsulotomy and then developed macular 
edema. The eye that developed rubeosis iridis 
received YAG laser capsulotomy in the seventh 
postoperative month. 

The follow-up period ranged from six to 74 
months (mean, 27 months). There was a mini- 
mum follow-up period of 12 months in 19 of 25 
eyes (76%). 


Discussion 


After cataract surgery, visual rehabilitation is 
superior with the use of intraocular lenses as 
compared to aphakic spectacles or contact lens- 
es. The optical disadvantages of peripheral field 
constriction and distortion with aphakic spec- 
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tacle correction are intensified in the presence 
of diabetic macular disease and extensive pan- 
retinal photocoagulation.’ Contact lens wear in 
patients with diabetes is often complicated by 
diminished tear production, reduced corneal 
sensitivity, and recurrent epithelial erosion.” 

The preoperative status of the retinopathy,*® 
the type of cataract extraction,’” and the type of 
intraocular lens used®””’ are factors influencing 
the outcome of cataract surgery in patients with 
diabetes. Eyes with minimal background reti- 
nopathy or no retinopathy have an excellent 
prognosis after cataract surgery with intraocu- 
lar lens implantation.’*'"" Fung" reported that 
of ten eyes that had quiescent proliferative 
diabetic retinopathy preoperatively, four eyes 
required pars plana vitrectomy and one eye 
required additional laser therapy after phaco- 
emulsification with posterior chamber intraoc- 
ular lens implantation.” One eye developed 
rubeosis iridis and inoperable retinal detach- 
ment. In our series, four eyes of three patients 
in a group of 21 eyes with inactive proliferative 
diabetic retinopathy preoperatively developed 
further neovascularization. One of these eyes 
developed rubeosis iridis and tractional retinal 
detachment. 

Apple and associates” described five patients 
with diabetes with preoperative preprolifera- 
tive and proliferative diabetic retinopathy in 
whom severe visual loss with vitreous hemor- 
rhage and neovascular glaucoma developed 
within six months after extracapsular cataract 
extraction with intraocular lens implantation. 
Pavase and Insler™ described four eyes with no 
diabetic retinopathy or nonproliferative diabet- 
ic retinopathy before extracapsular cataract ex- 
traction with posterior chamber intraocular 
lens implants with a rapid progression to pro- 
liferative diabetic retinopathy, whereas the fel- 
low eyes showed no progression. Prasad, Setna, 
and Dunne” reported similar findings in two 
eyes. Our study indicates that even in eyes with 
laser-ablated retinas, the retinopathy may 
progress after extracapsular cataract extraction 
with posterior chamber intraocular lens im- 
plantation. It is not clear whether the progres- 
sion is directly caused by cataract extraction or 
by the natural course of the diabetic retinopa- 
thy, which may wax and wane. 

One of the four eyes that underwent an extra- 
capsular cataract extraction with posterior 
chamber intraocular lens implantation and pars 
plana vitrectomy with endophotocoagulation 
had recurrent vitreous hemorrhage postopera- 
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tively but was lost to follow-up. Three eyes 
showed no progression of retinopathy. Ko- 
kame, Flynn, and Blankenship! described six 
eyes that had undergone extracapsular cataract 
extraction with posterior chamber lens implan- 
tation and pars plana vitrectomy. Only one eye 
required further photocoagulation and pars 
plana vitrectomy with supplemental endo- 
photocoagulation. They reported that all six 
eyes showed no progression of retinopathy ulti- 
mately. 

One of our patients developed bilateral mac- 
ular edema three and five months after the 
operation, and one eye developed diabetic mac- 
ulopathy four years after the operation. The 
maculopathy was treated with focal laser 
photocoagulation. Alpar? reported a clinical 
cystoid macular edema rate of 13.3% in diabetic 
eyes that had undergone extracapsular cataract 
extraction with sulcus-fixated posterior cham- 
ber lens implantation. Jaffe and Burton" also 
indicated that progression of background dia- 
betic retinopathy to a severe exudative form 
might develop in some patients. We believe that 
macular edema is one of the most important 
factors limiting the visual outcome in these 
patients. Two eyes in our series with macular 
edema had visual acuity of counting fingers and 
20/200. 

Although the influence of the severity of the 
preoperative diabetic retinopathy on the post- 
operative visual outcome is not completely un- 
derstood, the influence of the type of cataract 
extraction is clear. The risk for rubeosis iridis 
and subsequent neovascular glaucoma is higher 
in intracapsular cataract extraction compared 
with extracapsular cataract surgery.’® Aiello, 
Wand, and Liang‘ studied 154 patients with 
diabetes who underwent unilateral intracaps- 
ular cataract extraction. The fellow eyes were 
used as controls. They reported a 7.8% overall 
incidence of rubeosis iridis without regard to 
the degree of preoperative retinopathy. In 216 
eyes studied after cataract extraction, Poliner 
and associates’ found neovascular glaucoma in 
cases with intracapsular cataract surgery and 
extracapsular cataract surgery with primary 
capsulotomy but none in extracapsular cataract 
extractions with intact posterior capsules. 

In our series, visualization was satisfactory 
for ophthalmoscopy, photocoagulation, and 
pars plana vitrectomy when necessary in all 
eyes but one. Other studies have concluded that 
ophthalmic examination, photography, and la- 
ser treatment are not affected by the presence of 
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intraocular lenses."'* Thompson, Kritzinger, 
and Ropper Hall” argued that iris-clip lenses 
should not be regarded as a contraindication in 
some patients with diabetes. It is still wise to 
avoid an intraocular lens procedure that will 
make adequate dilation of the pupil unsafe." 

In our study, ten of 24 eyes (41.7%) required 
YAG laser capsulotomy because of opacification 
of the capsule. The posterior capsulotomy rate 
in patients followed up for three years has been 
reported to range from 5.6%” to 50%.” Percival 
and Setty” argued that the incidence of capsu- 
lar fibrosis might be increased in diabetic eyes. 
Liesegang, Bourne, and IIstrup” stated that the 
mean time from cataract surgery to posterior 
capsulotomy in patients with diabetes was not 
statistically different from that found in nondi- 
abetic control patients. We believe that there 
may be an increased tendency for capsular 
opacification in patients with diabetes. There 
was no significant correlation between YAG 
capsulotomy and progression of retinopathy in 
our patients. 

Our study indicates that extracapsular cata- 
ract extraction with posterior chamber lens im- 
plantation with or without pars plana vitrec- 
tomy in the presence of both inactive and active 
proliferative diabetic retinopathy is well tole- 
rated in most patients. Progression of retinopa- 
thy may occur after extracapsular cataract 
extraction with posterior chamber lens implan- 
tation; and therefore, patients with inactive as 
well as active proliferative diabetic retinopathy 
should be followed up frequently and prudent- 
ly. It is necessary to examine adequately the 
fundus postoperatively, and it may be neces- 
sary to administer laser treatment. For this 
reason, we recommend a large anterior capsu- 
lotomy to the anterior zonular insertion and 
surgical creation of an adequate pupillary 
opening in those eyes in which the pupil will 
not dilate. 
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Gregory M. Fox, M.D., Brian C. Joondeph, M.D., Harry W. Flynn, Jr., M.D., 
Stephen C. Pflugfelder, M.D., and Thomas J. Roussel, M.D. 


We reviewed 19 cases of delayed-onset pseu- 
dophakic endophthalmitis in which diagnos- 
tic cultures were performed at one month or 
more after cataract extraction with posterior 
chamber intraocular lens implantation. We 
isolated four different organisms in these 19 
cases: 12 Propionibacterium species (63%), 
three Candida parapsilosis (16%), three Staph- 
ylococcus epidermidis (16%), and one Coryne- 
bacterium species (5%). Because of the unusu- 
al delayed-onset features of these cases and 
the retrospective nature of this study, a varie- 
ty of treatment regimens were used. Twelve 
patients had recurrence of marked inflamma- 
tion despite an apparent initial cure, and ten 
of these patients had positive culture results 
on repeat examination of intraocular fluids. 
Nine patients continued to be treated with 
topical corticosteroids postoperatively to sup- 
press low-grade inflammation. Of the 19 pa- 
tients, 16 had final visual acuity of 20/400 or 
better. Delayed-onset pseudophakic endoph- 
thalmitis had a more favorable visual progno- 
sis, compared to acute-onset endophthalmitis. 


Inrectious ENDOPHTHALMITIS is an uncommon 
complication after cataract surgery and intraoc- 
ular lens implantation. Although this condition 
typically occurs in the early postoperative peri- 
od, a less common manifestation of postopera- 
tive endophthalmitis has a chronic course with 
recurrent low-grade inflammation and has been 
called chronic bacterial endophthalmitis.’ Even 
though Propionibacterium acnes is a frequent 
etiologic agent in this category of postoperative 
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endophthalmitis, *® delayed-onset pseudopha- 
kic endophthalmitis is not always caused by P. 
acnes. In 19 culture-proven cases of delayed- 
onset pseudophakic endophthalmitis, we stud- 
ied the spectrum of organisms and the distin- 
guishing clinical features of these infections. 
Based upon our experience in the management 
of these cases, specific treatment options are 
discussed. 





Patients and Methods 





We reviewed the microbiology laboratory 
files and corresponding clinical records of 187 
patients who had culture-proven endophthal- 
mitis after extracapsular cataract extraction 
with placement of a posterior chamber intraoc- 
ular lens. All patients were examined at our 
institution between November 1979 and June 
1989. Charts were reviewed for the timing of 
the onset of symptoms, previous topical antibi- 
otic or corticosteroid treatment, and initial clin- 
ical manifestation. Follow-up information after 
treatment was obtained through May 1990 from 
the medical records or from the referring physi- 
cians and included final visual acuity, intraocu- 
lar pressure, and any observed complications. 

Of the 187 patients with pseudophakic en- 
dophthalmitis in this ten-year period, 127 had 
diagnostic cultures performed in the first four 
weeks after cataract extraction. Of these 127 
patients, 120 had positive cultures of intraocu- 
lar specimens obtained during the first two 
weeks. Seven patients underwent vitreous tap 
during the third week after cataract surgery, 
and in two patients these infections were asso- 
ciated with suture removal or vitreous wick 
syndrome. 

Of the 187 patients, 60 had the initial diag- 
nostic procedure performed one month after 
extracapsular cataract surgery. One month was 
selected as a dividing line between early and 
delayed-onset pseudophakic endophthalmitis. 
Of the 60 patients with delayed-onset pseudo- 
phakic endophthalmitis, we excluded 26 pa- 
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tients with acute bleb-associated endophthal- 
mitis, six patients with recent postoperative 
suture removal, six patients with traumatic 
wound dehiscences, and one critically ill pa- 
tient with septicemia who developed endoge- 
nous bacterial endophthalmitis. Two of these 
60 patients with positive intraocular cultures 
performed in our microbiology laboratory were 
treated by physicians at another hospital and 
were excluded because of inadequate informa- 
tion regarding their clinical course and treat- 
ment. In one of these two patients, both Actino- 
myces israelii and P. acnes were cultured from 
the vitreous, and this patient attained final 
visual acuity of counting fingers. Propionibacte- 
rium acnes was cultured from the aqueous spec- 
imen of the other patient. This second patient, 
described by Brady, Cohen, and Fischer,’ at- 
tained final visual acuity of 20/20 with follow- 
up at another hospital. The remaining 19 
patients with clinical endophthalmitis and di- 
agnostic intraocular cultures performed one 
month after extracapsular cataract extraction 
and posterior chamber intraocular lens implan- 
tation met our criteria for delayed-onset pseu- 
dophakic endophthalmitis. Of these 19 pa- 
tients, four (Cases 1, 7, 11, and 12; Table 1) 
have been previously described by Zambrano 
and associates.” 

Intraocular specimens were obtained from all 
patients and were inoculated into appropriate 
culture media.*’’ Our criteria for a positive 
culture were the following: growth of the same 
organism on two or more media; or semicon- 
fluent growth on one solid medium; or growth 
at the inoculation site on a medium and con- 
firmed by organisms seen on Gram stain or 
histologic examination of intraocular tissues. 
All patients met these criteria for positive cul- 
ture, except for three patients in whom Propi- 
onibacterium species grew from thioglycolate 
medium only but who had the typical clinical 
features of P. acnes endophthalmitis’ (Cases 8, 
10, and 11; Table 1). 


Results 


The spectrum of causative organisms in these 
patients with delayed-onset pseudophakic en- 
dophthalmitis is shown in Table 1. The culture 
reports indicated that of the 19 cases, 12 (63%) 
were caused by Propionibacterium species (one 
by P. arachnia and 11 by P. acnes); three cases 
(16%) were caused by Candida parapsilosis; 


three cases (16%) were caused by Staphylococ- 
cus epidermidis; and the remaining case (5%) 
was caused by a Corynebacterium species. 

The vitreous was culture-positive in all 19 
patients. The anterior chamber fluid was cul- 
tured in six patients and was positive in five of 
these patients. Gram stains of the initial intra- 
ocular specimen were positive in only one of 12 
patients with Propionibacterium species infec- 
tion, in one of three patients with C. para- 
psilosis infection, in two of three patients with 
S. epidermidis endophthalmitis, and in the pa- 
tient with Corynebacterium species endophthal- 
mitis. 

Review of the clinical course of these 19 
patients showed that recurrent episodes of 
postoperative inflammation were typical of all 
patients. In the patients with Propionibacterium 
species infection, the time of diagnosis by posi- 
tive culture of intraocular fluid averaged eight 
months and ranged from six weeks to 36 
months after surgery. The other cases were 
confirmed by positive cultures at variable times 
after cataract surgery (C. parapsilosis, one 
month to 23 months; S. epidermidis, one to 
three months; and Corynebacterium species, 
two months). 

All patients were referred by anterior seg- 
ment surgeons for treatment. Many of these 
patients were noted to have corticosteroid-re- 
sponsive iritis, vitreitis, or both, before their 
referral. Continued topical corticosteroid treat- 
ment of presumed sterile intraocular inflamma- 
tion delayed the diagnosis in 15 of 19 patients. 
Ten of 12 patients with Propionibacterium spe- 
cies infection (all except Cases 1 and 10), all 
three patients with S. epidermidis infection, and 
the patient with Corynebacterium endophthal- 
mitis had reduced or stable intraocular inflam- 
mation for a variable length of time while 
taking topical corticosteroids. However, only 
one of the three patients with fungal endoph- 
thalmitis (Case 19) clinically improved while 
taking topical corticosteroids. 

All 12 patients with Propionibacterium spe- 
cies endophthalmitis demonstrated a promi- 
nent white plaque within the capsule (Fig. 1) 
and vitreitis (Table 1). Chronic granulomatous 
inflammation and keratic precipitates were not- 
ed in six of the 12 patients. Beaded fibrin 
strands extending across the anterior chamber 
were seen in two patients (Cases 10 and 11). 
Eight patients with Propionibacterium species 
endophthalmitis had initial visual acuity of 
20/200 or better. A subset of two patients 
(Cases 2 and 5), however, initially had more 
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CASE NO., 
AGE (yrs), SEX 


1, 63, Ft 


2,73,M 


ey eg 


4,75,M 


9, 75, F 


6, 62, M 


7,74, Mt 


8, 57, M 


9, 76, M 


10, 76, F 


11, 81, Mt 


12, 68, Mt 
13, 75, F 


14, 71, M 


15, 78, M 


16, 91, F 


17, 81, M 


18, 76, M 


19, 66, M 


ORGANISM 
CULTURED 


P. acnes 


P. acnes 


P. acnes 


P. acnes 


P. arachnia 


P. acnes 


P. acnes 


P. acnes* 


P. acnes 


P. acnes* 


P. acnes? 


P. acnes 
S. epidermidis 


S. epidermidis 


S. epidermidis 


Corynebacterium 


C. parapsilosis 


C. parapsilosis 


C. parapsilosis 


TIME FROM CATARACT 


EXTRACTION TO 


6 wks 
4 mos 
4 mos 
2 wks 
6 wks 
4 mos 
8 mos 
2 mos 


2 wks 


2 mos 


2 mos 


2 wks 
5 days 


1 mo 

2 days 
6 wks 
3 days 
3 days 


2 mos 


CULTURE 


6 wks 


11 mos 


13 mos 


4 mos 


3 mos 


21 mos 


36 mos 


5 mos 


6 wks 


12 mos 


24 mos 


4 mos 
6 wks 


3 mos 


1 mo 


2 mos 


2 mos 


1 mo 


23 mos 


Delayed-Onset Pseudophakic Endophthalmitis 


TABLE 1 
CLINICAL FEATURES ON INITIAL EXAMINATION 


I aaa 


INITIAL 


ONSET OF DIAGNOSTIC VISUAL 
SYMPTOMS 


ACUITY* 


20/200 


LP 


20/30 


20/200 


HM 


20/200 


20/100 


20/70 


20/200 


HM 


HM 


20/100 
1/200 


3/200 


LP 


LP 


20/300 


20/60 


20/25 


CLINICAL FEATURES 


White plaque, hypopyon, 
vitreitis 

White plaque, hypopyon, 
vitreitis 

White plaque, keratic 
precipitates, vitreitis 

White plaque, keratic 
precipitates, vitreitis 

White plaque, keratic 
precipitates, hypopyon, 
vitreitis 

White plaque, vitreitis 

White plaque, hypopyon, 
vitreitis 

White plaque, keratic 
precipitates, vitreitis 

White plaque, fibrin in 
anterior chamber, 
vitreitis 

White plaque, keratic 
precipitates, beaded strands, 
vitreitis, central retinal 
vein occlusion 

White plaque, keratic 
precipitates, beaded strands, 
vitreitis, central retinal 
vein occlusion 

White plaque, vitreitis 

Fibrin in anterior chamber, 
dense vitreitis 

Hypopyon, keratic precipi- 
tates, dense vitreitis 

Keratic precipitates, fibrin 
in anterior chamber, dense vitreitis 

White plaque, hypopyon, 
dense vitreitis 

Keratic precipitates, iso- 
lated vitreous infiltrates, vitreitis 

Keratic precipitates, iso- 
lated vitreous infiltrates, vitreitis 

White plaque, keratic precip- 
itates, isolated vitreous 
infiltrates, vitreitis 


165 


INITIAL INFLAMMATION 


IMPROVED OR STABILIZED WITH 


TOPICAL CORTICOSTEROIDS 


No 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Not given 


Yes 


Yes 
Yes 


Yes 


Yes 


Yes 


No 


Not given 


Yes 


ee 
* LP indicates light perception and HM indicates hand motions. 
t Cases have been reported previously in reference 5 (Cases 1, 7, 11, and 12). 
* Equivocal culture growth found in Cases 8, 10, and 11. 
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Fig. 1 (Fox and associates). Case 4. Propionibactert- 
um acnes endophthalmitis on initial examination 
demonstrating a prominent white plaque within the 
capsule and inferior keratic precipitates. 


advanced intraocular inflammation, including 
hypopyon, vitreitis, and visual acuity of hand 
motions or worse. The remaining two patients 
with poor initial visual acuity (Cases 10 and 11) 
had diffuse intraretinal hemorrhages resem- 
bling a central retinal vein occlusion at the time 
of the initial diagnosis. 

All patients with infections caused by S. epi- 
dermidis had marked anterior chamber inflam- 
mation, but only one patient had hypopyon 
formation (Case 14). A white intracapsular 
plaque was not observed in any of these pa- 
tients, but dense vitreitis was noted in all three 
patients. In these three patients, initial visual 
acuity varied from light perception to 3/200. 

The patient with Corynebacterium species in- 
fection (Case 16) initially had marked anterior 
chamber inflammation, hypopyon, and dense 
vitreitis. A white plaque adjacent to the posteri- 
or capsule was also noted. Initial visual acuity 
was light perception. 

Similar to the patients with Propionibacteri- 
um species infection, all patients with chronic 
fungal endophthalmitis had a variable decrease 
of visual acuity ranging from 20/25 to 20/300 
on initial manifestation. These infections were 
characterized at some point during their clini- 
cal course by localized white infiltrates in the 
anterior vitreous adjacent to the capsule (Fig. 
2). A white plaque inside the posterior capsule, 
resembling those seen in Propionibacterium 
species endophthalmitis, was observed in one 
of three patients (Case 19). Granulomatous 
anterior segment inflammation was seen ini- 
tially in only two of the three patients (Cases 17 
and 18), and the third patient (Case 19) 





Fig. 2 (Fox and associates). Case 18. Candida para- 
psilosis endophthalmitis on initial examination dem- 
onstrating stringy, isolated, white infiltrates in the 
anterior vitreous adjacent to capsular remnants. 


developed granulomatous inflammation later 
during recurrent episodes of infection. 

Five patients with Propionibacterium species 
infection were treated initially with intraocular 
antibiotics alone (Cases 1, 4, 7, 8, and 12; Table 
2). Because of suspected recurrent infection, 
four of these five patients had further surgery. 
Three patients had pars plana vitrectomy and 
central capsulectomy, including removal of the 
area of the white plaque and repeat injection of 
intraocular antibiotics during the follow-up 
course. The fourth patient had complete cap- 
sule removal and intraocular lens exchange. 
Vitreous specimens taken during the second 
operative procedure in these four patients were 
still positive for Propionibacterium species de- 
spite previous treatment. All five of these pa- 
tients attained final visual acuity of 20/400 or 
better. 

Of the 12 patients with Propionibacterium 
species infections, six (Cases 2, 3, 5, 6, 9, and 
10; Table 2) were initially treated with a stan- 
dard three-port vitrectomy, central capsulecto- 
my with selective removal of the area of white 
plaque, and injection of intraocular antibiotics. 
One of these six patients (Case 3) had recurrent 
inflammation and documented recurrent infec- 
tion. An anterior vitrectomy, complete capsule 
removal using alpha-chymotrypsin, and intra- 
ocular lens exchange with repeat intravitreal 
antibiotics were performed in this patient. The 
cultures of removed capsular remnants were 
positive for P. acnes. Of the six patients with 
Propionibacterium species infection treated 
with initial vitrectomy, five of six attained final 
visual acuity of 20/400 or better. One patient 


b- 
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CASE NO., 
ORGANISM 


1, P. acnes 


2, P. acnes 


3, P. acnes 


4, P. acnes 


5, P. arachnia 


6, P. acnes 


7, P. acnes 


8, P. acnes 


9, P. acnes 


10, P. acnes 


11, P. acnes 


12, P. acnes 


INTRAOCULAR 
ANTIBIOTICS* 
(INTRAOCULAR 
CORTICOSTEROIDS) 


Vancomycin, tobra- 
mycin (No) 
Vancomycin (No) 


Vancomycin (Yes) 


Vancomycin (Yes) 


Vancomycin (No) 


None (No) 


Vancomycin, tobra- 


mycin (No) 


Vancomycin, tobra- 
mycin (No) 


Vancomycin (No) 


Vancomycin (No) 


Vancomycin, tobra- 
mycin (No) 


Cefazolin, genta- 
micin (No) 


13, S. epidermidis Vancomycin (No) 


14, S. epidermidis Vancomycin (No) 


15, S. epidermidis Vancomycin, genta- 


micin (No) 


Delayed-Onset Pseudophakic Endophthalmitis 
eee 


TABLE 2 


TREATMENT AND FINAL VISUAL RESULTS 


Lees 


INITIAL TREATMENT 


SURGERY 


Vitreous aspiration 


Pars plana vitrec- 
tomy, central 
capsulectomy 

Pars plana vitrec- 
tomy, central 
capsulectomy 

Vitreous tap 


Pars plana vitrec- 
tomy, central 
capsulectomy 

Pars plana vitrec- 
tomy, intraocular 
lens exchange 

Vitreous tap 


Vitreous tap 


Pars plana vitrec- 
tomy, central 
capsulectomy 

Pars plana vitrec- 
tomy, central 
capsulectomy 

Two-port subtotal 
pars plana 
vitrectomy 


Vitreous aspiration, 
pars plana 


vitrectomy, central 


capsulectomy 
Pars plana vitrec- 
tomy, central 
capsulectomy 
Pars plana vitrec- 
tomy, central 
capsulectomy 
Two-port subtotal 
pars plana 
vitrectomy 


FOLLOW-UP TREATMENT 


INTRAOCULAR 
ANTIBIOTICS* 
(INTRAOCULAR 


CORTICOSTEROIDS) SURGERY 


None None 


None None 


Vancomycin (No) Anterior vitrectomy, 
intraocular lens 
exchange 

Pars plana vitrec- 


tomy, central capsu- 


Vancomycin (No) 


lectomy 
None None 
None None 


Pars plana vitrec- 
tomy, central capsu- 
lectomy 

Pars plana vitrec- 
tomy, central capsu- 


Cefazolin (No) 


Vancomycin (No) 


lectomy 
None None 
None None 


Vancomycin, genta- Three-port.more 
micin (Yes) complete pars 
plana vitrectomy, 
central capsulectomy 


No intraocular Intraocular lens 


antibiotics exchange 
None None 
None None 


Three-port pars 
plana vitrectomy, 
central capsu- 
lectomy 


Vancomycin (Yes) 


167 


FINAL 

VISUAL FOLLOW-UP 
ACUITY* (MOS) 
20/40 6 
LP 10 
20/60 6 
20/100 4 
20/30 15 
20/20 13 
20/30 16 
20/20 10 
20/40 18 
20/400 12 
20/100 48 
20/30 36 
20/40 9 
20/70 3 
20/25 7 
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TABLE 2 (continued) 
TREATMENT AND FINAL VISUAL RESULTS 


OO 


INITIAL TREATMENT 


FOLLOW-UP TREATMENT 


INTRAOCULAR INTRAOCULAR 
ANTIBIOTICS* ANTIBIOTICS* FINAL 
CASE NO., (INTRAOCULAR (INTRAOCULAR VISUAL FOLLOW-UP 
ORGANISM CORTICOSTEROIDS) SURGERY CORTICOSTEROIDS) SURGERY ACUITY* (MOS) 
16, Corynebacterium Cefazolin, genta- Vitreous aspiration Vancomycin (No) Pars plana vitrec- HM 4 
micin (No) tomy, central 
capsulectomy 
17, C. parapsilosis Amphotericin B Pars plana vitrec- Amphotericin Pars plana vitrec- HM 12 
(No) tomy, central B x2 (No) tomy, central 
capsulectomy capsulectomy (X2) 
18, C. parapsilosis Amphotericin B Pars plana vitrec- Amphotericin None 20/70 60 
(No) tomy, central B (No) 
capsulectomy 
19, C. parapsilosis Amphotericin B Pars plana vitrec- Amphotericin Pars plana vitrec- 20/25 7 


(No) tomy, central 
capsulectomy 


B x2 (No) 


tomy, capsulectomy, 
and intraocular 
lens removal 


r SEE 


*Dose of intraocular antibiotic or antifungal agents: vancomycin, 1 mg; cefazolin, 2.25 mg; gentamicin, 0.1 mg; tobramycin, 0.1 mg; 


and amphotericin B, 5 wg. 


tLP indicates light perception and HM indicates hand motions. 


(Case 2) had final visual acuity of light percep- 
tion because of optic atrophy, neovascular glau- 
coma, and proliferative diabetic retinopathy. 
One patient with Propionibacterium species 
infection (Case 11, Table 2) was treated initially 
with a subtotal two-port vitrectomy with injec- 
tion of intraocular antibiotics. Because of recur- 
rent inflammation, a more complete three-port 
vitrectomy, central capsulectomy, and repeat 
injection of intraocular antibiotics were per- 
formed. Propionibacterium acnes was again cul- 
tured from the vitrectomy specimen. This pa- 
tient attained final visual acuity of 20/100. 
Because of the high rate of recurrent infec- 
tion, the determination of a clinical cure was 
difficult in these patients with Propionibacteri- 
um species infection (Table 3). Im total, six of 12 
patients continued to use topical corticoste- 
roids on long-term follow-up (Cases 2 through 
5, 8, and 9). Despite the recurrences of inflam- 
mation in the patients with Propionibacterium 
species infection, 11 of 12 patients attained 
final visual acuity of 20/400 or better. Seven of 
12 patients had visual acuity of 20/50 or better. 
Because of the dense vitreous infiltrates at the 
initial examination, all three patients with S. 
epidermidis infection were treated by pars plana 
vitrectomy and injection of intraocular anti- 
biotics. With follow-up of three to nine months, 


the three patients attained visual acuity of 20/ 
25, 20/40, and 20/70, respectively. One of 
these patients (Case 15, Table 2) had marked 
recurrent inflammation, including vitreitis, 
anterior uveitis, hypopyon, and visual acuity of 
hand motions, one month after initial pre- 
sumed successful treatment with a subtotal 
vitrectomy without capsulectomy and injection 
of intraocular antibiotics. A more complete 
three-port pars plana vitrectomy with central 
capsulectomy and repeat injection of intraocu- 
lar antibiotics and corticosteroids was per- 
formed. The repeat cultures of the vitreous 
specimen were negative. Final visual acuity in 
this patient was 20/25. 

The patient with Corynebacterium species in- 
fection was initially treated with vitreous tap 
and intraocular antibiotics. Visual acuity re- 
mained hand motions because of persistent 
media opacities. When visual acuity decreased 
to light perception only and intraocular pres- 
sure by applanation tonometry decreased to 1 
mm Hg, a pars plana vitrectomy was performed 
two months after the initial treatment. The eye 
developed increasing inflammation six months 
after vitrectomy, and repeat vitreous tap was 
recommended. The patient refused further 
treatment, and visual acuity remained hand 
motions with hypotony. 
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TABLE 3 
ENDOPHTHALMITIS RECURRENCES 


—_——o—“— UULU 


CASE NO. OF EPISODES OF REPEAT CULTURE LONG-TERM TOPICAL 


NO. RECURRENCE RESULT* CORTICOSTEROIDS COMMENTS 
1 0 None No No recurrent inflammation 
2 0 None Yes Proliferative diabetic retinopathy, neovascular glaucoma 
3 1 Positive Yes Recurred after pars plana vitrectomy, capsulectomy, and 
intraocular antibiotics 
4 1 Positive Yes Recurred after vitreous tap and intraocular antibiotics; 
age-related macular degeneration 
5 1 Not performed Yes Recurrent anterior uveitis treated with topical 
corticosteroids 
6 0 None No No recurrent inflammation 
7 1 Positive No Recurred after vitreous tap and intraocular antibiotics 
8 1 Positive Yes Recurred after vitreous tap and intraocular antibiotics 
9 0 None Yes Intermittent episodes of intraocular inflammation 
10 0 None No Central retinal vein occlusion 
11 1 Positive No Recurred after subtotal pars plana vitrectomy and 
intraocular antibiotics; central retinal vein occlusion 
12 1 Positive No Recurred after vitreous tap and intraocular antibiotics 
13 0 None No No recurrent inflammation 
14 0 None No Macular hole 
15 1 Negative Yes Culture negative recurrence 1 month after apparent cure 
16 2 Positive both times Yes Recurred after vitreous tap and intraocular antibiotics; 
Suspected recurrence after pars plana vitrectomy; 
patient refused further treatment 
17 2 Positive both times No Recurred after two pars plana vitrectomies; endstage 
chronic open-angle glaucoma 
18 1 Positive No Recurred after pars plana vitrectomy 
19 2 Positive both times Yes Recurred after two pars plana vitrectomies; required 


intraocular lens removal 


—— eee 


* Repeat positive culture results were the same organism as initially cultured in all cases. 


All three patients with endophthalmitis 
caused by C. parapsilosis had recurrent post- 
treatment inflammation and repeat culture- 
proven persistent infection after initial appar- 
ent cure with vitrectomy and intraocular am- 
photericin B. One patient (Case 17) received a 
repeat amphotericin B injection (5 wg), at the 
time of the second vitrectomy procedure. Five 
months after the third vitrectomy procedure, 
the patient required filtering surgery and had 
final visual acuity of hand motions because of 
endstage glaucoma. Another patient (Case 18) 
had two vitrectomy procedures (each including 
5 pg of amphotericin B) and attained visual 
acuity of 20/70, with five years of follow-up 
after the second vitrectomy. One patient (Case 
19) required pars plana vitrectomy twice and 
intraocular amphotericin B injection three 
times. Despite these procedures, this patient 
had increasing inflammation in the vitreous 


base region, which necessitated intraocular 
lens removal and complete capsulectomy using 
alpha-chymotrypsin. This patient (Case 19) at- 
tained final visual acuity of 20/25 with seven 
months of follow-up since the last surgical 
treatment. 





Discussion 





Case reports or small series of patients with 
delayed-onset postoperative endophthalmitis 
caused by a variety of organisms, including P. 
acnes, ® P. granulosum," S. aureus,” S. epider- 
midis,’ Achromobacter species,’ Cephalosporium 
species,” C. parapsilosis,* Acremonium spe- 
cies,” Paecilomyces species,” and Aspergillus 
species” have been described. We have also 
previously reported a case of endophthalmitis 
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manifesting seven weeks after secondary intra- 
ocular lens implantation in which Mycobacteri- 
um chelonae was isolated." In our patients with 
culture-proven infection after extracapsular 
cataract extraction and posterior chamber intra- 
ocular lens implantation examined at our insti- 
tution between 1979 and 1989, four organisms 
in this chronic category were isolated: P. acnes, 
C. parapsilosis, S. epidermidis, and Corynebacte- 
rium species. This spectrum of infecting or- 
ganisms in the delayed-onset pseudophakic 
endophthalmitis category differs from a previ- 
ously published report from our institution, 
which reviewed primarily acute postoperative 
pseudophakic endophthalmitis.’ Even though 
S. epidermidis was seen in both categories, 
Staphylococcus species (including S. aureus), 
streptococci, and gram-negative organisms 
were more frequently observed in the acute 
postoperative category.’ 

A syndrome of delayed-onset pseudophakic 
endophthalmitis manifesting with a white 
plaque, moderate visual loss, and often granu- 
lomatous inflammation after extracapsular cat- 
aract extraction caused by P. acnes was de- 
scribed by Meisler and associates’ in 1986. 
Further reports have described the manage- 
ment options and final visual results of this 
syndrome.*’? Semel and associates” reported 
growth of P. acnes from the intraocular lens in 
four of 12 patients in whom the intraocular 
lenses were removed during routine keratoplas- 
ty for pseudophakic bullous keratopathy. Al- 
though this report did not identify P. acnes as 
an etiologic agent in pseudophakic bullous ker- 
atopathy, it does suggest that this organism can 
remain viable in the pseudophakic eye for an 
extended time. 

Even though Propionibacterium species, S. 
epidermidis, and C. parapsilosis are now well- 
recognized ocular pathogens, Corynebacterium 
species have often been regarded as nonpatho- 
genic contaminants of the human external eye. 
However, ocular infections caused by Coryne- 
bacterium species, including indolent keratitis” 
and endophthalmitis,” have been reported. 

Endophthalmitis occurring months or years 
after surgery is a well-recognized complication 
of conjunctival filtering blebs.” Patients with 
bleb-associated endophthalmitis, however, 
typically have the acute onset of inflammation 
and are usually distinguished from these pa- 
tients with delayed-onset pseudophakic en- 
dophthalmitis by the presence of an obviously 
infected filtering bleb. Furthermore, bleb-as- 
sociated infections are generally caused by 


more virulent organisms, including either 
Streptococcus species or Haemophilus species, in 
80% of reported culture-positive cases.” 

Endophthalmitis cases occurring five and 
nine months after scleral buckling surgery have 
been reported.” Visible intrusion of the buck- 
ling element was suspected to be the access site 
of the infection. Vitreous cultures performed at 
the time of scleral buckle removal were positive 
for Proteus mirabilis in both cases. Late-onset 
endophthalmitis occurring months after retinal 
detachment surgery caused by such a virulent 
organism clearly represents a different entity 
compared to delayed-onset pseudophakic en- 
dophthalmitis in our series of patients. 

These patients with delayed-onset pseudo- 
phakic endophthalmitis had several specific 
clinical features, which may help to distinguish 
between the different infecting organisms. A 
white intracapsular plaque, representing se- 
questered organisms within the capsule, was 
seen in all 12 of the patients with Propionibacte- 
rium species infection. In one patient with C. 
parapsilosis endophthalmitis and the patient 
with Corynebacterium species infection, howev- 
er, a white intracapsular plaque was also ob- 
served. Granulomatous inflammation as mani- 
fested by large keratic precipitates was also 
seen in six of the 12 patients with Propionibac- 
terium species infection. Beaded fibrin strands 
extending across to the anterior chamber were 
seen in two of the 12 patients with Propionibac- 
terium species infection. Stringy white infil- 
trates in the anterior vitreous adjacent to the 
capsular remnants occurred in all three of the 
patients with C. parapsilosis infection. Dense 
vitreitis causing a poor view of fundus details 
was noted in all three patients with S. epider- 
midis endophthalmitis and the patient with 
Corynebacterium species infection. None of the 
patients with fungal or P. acnes infection had a 
diffuse, dense vitreitis, even though a mild 
cellular reaction in the vitreous was observed in 
all of these patients. 

In these patients with delayed-onset pseudo- 
phakic endophthalmitis, the spectrum of or- 
ganisms and the potential difficulty encoun- 
tered in achieving a positive culture result 
emphasize the need for effective culture tech- 
niques. Anterior chamber and vitreous speci- 
mens from these cases can be placed on anaero- 
bic plates and thioglycolate broth (ideal for P. 
acnes), Sabouraud’s media (ideal for fungi), and 
blood agar and chocolate plates (ideal for S. 
epidermidis and Corynebacterium species). The 
use of blood culture bottles, a technique allow- 


Vol. 111, No. 2 


Delayed-Onset Pseudophakic Endophthalmitis 171 


aama 


ing direct inoculation of unfiltered vitrectomy 
specimens,” was also successful in achieving a 
positive culture result in four of the six patients 
in whom they were used. In all culture meth- 
ods, culture media should be observed for at 
least two weeks because of the slow growth of 
both P. acnes* and Corynebacterium species.” 

Patients with delayed-onset pseudophakic 
endophthalmitis had better posttreatment visu- 
al acuity when compared to acute postoperative 
pseudophakic endophthalmitis.*!"""* Of 19 pa- 
tients, 16 had final visual acuity of 20/400 or 
better. Of the three patients with visual acuity 
worse than 20/400, two patients had signifi- 
cant preexisting diseases (optic atrophy, neo- 
vascular glaucoma, and proliferative diabetic 
retinopathy in the patient in Case 2 and ad- 
vanced open-angle glaucoma in the patient in 
Case 17). The patient with Corynebacterium 
species infection developed chronic hypotony 
and refused further treatment. 

Because of the variable manifestations and 
limited treatment experience with this category 
of delayed-onset pseudophakic endophthalmi- 
tis, the ideal treatment remains controversial.’ 
Several different approaches were selected by 
the surgeons of different subspecialities who 
treated these patients. In the five patients with 
P. acnes infection treated initially with injec- 
tion of intraocular antibiotics without vitrec- 
tomy, recurrent infection occurred in four pa- 
tients. Subsequent pars plana vitrectomy, 
central capsulectomy, and repeat intraocular 
antibiotic injection were performed in three 
patients, and complete capsule removal with 
intraocular lens exchange was performed in 
one patient. Despite apparent initial cure with 
pars plana vitrectomy and injection of intraocu- 
lar antibiotics or antifungal agents, initial treat- 
ment failures also occurred in five of the 13 
patients treated by this approach. Stern, Engel, 
and Driebe”* have described similar patients 
with recurrent endophthalmitis who have re- 
quired repeated injections of intraocular anti- 
biotics with pars plana vitrectomy to achieve a 
clinical cure. 

Alternative methods of treatment for patients 
with Propionibacterium species infection have 
been reported. Brady, Cohen, and Fischer’ re- 
ported successful therapy with topical and sys- 
temic antibiotics for one patient with P. acnes. 
Tessler, Owens, and Deutsch” reported the ap- 
proach of intracapsular injection of 0.2 ml of 
clindamycin (2 mg), which was performed on 
an outpatient basis every other day for a total of 
three treatments. The number of patients with 


P. acnes treated by these alternative techniques 
has been limited. 

Based on our experience with these 19 pa- 
tients, we recommend the following treatment 
approach in cases of delayed-onset pseudopha- 
kic endophthalmitis. In all cases, intraocular 
cultures should be performed, and pars plana 
vitrectomy is our preferred method for obtain- 
ing the specimen. We recommend a large cen- 
tral capsulectomy with selective removal of the 
area of white plaque at the time of the pars 
plana vitrectomy. Likewise, dense vitreous in- 
filtrates should be removed during the pars 
plana vitrectomy. A more complete three-port 
pars plana vitrectomy is preferred if a satisfac- 
tory view of the posterior segment is possible. 
Intravitreal vancomycin hydrochloride, 1.0 mg, 
is our recommended antibiotic in patients with 
suspected bacterial infection, because vanco- 
mycin hydrochloride has been proven effective 
against P. acnes and S. epidermidis infections.®” 
The Corynebacterium species isolates (Case 16) 
were also sensitive to vancomycin hydrochlor- 
ide. Animal studies have shown that this dose 
of intravitreal vancomycin hydrochloride is 
well tolerated with no signs of retinal toxicity.” 
Although methicillin sodium and the cephalo- 
sporins may be effective, the increasing resist- 
ance of S. epidermidis to methicillin sodium 
gives vancomycin hydrochloride a distinct ad- 
vantage in these cases.” Since P. acnes shows 
relative resistance to aminoglycoside anti- 
biotics, we do not recommend the initial use of 
this class of antibiotics for suspected P. acnes 
endophthalmitis. The use of intraocular corti- 
costeroids (dexamethasone, 0.4 mg) is optional 
but should be considered in eyes with more 
advanced inflammation.” 

The role of intravenous antibiotic therapy in 
cases of endophthalmitis remains controver- 
sial. Brady, Cohen, and Fischer’ described one 
patient with P. acnes endophthalmitis who was 
treated with prolonged intravenous, oral, and 
topical antibiotic therapy and regained 20/20 
visual acuity. O’Day and associates” reported 
the successful use of subconjunctival, topical, 
and intravenous antibiotics without intravitreal 
antibiotics in patients with S. epidermidis en- 
dophthalmitis. However, subtherapeutic intra- 
vitreal concentrations of vancomycin hydro- 
chloride were achieved in animal studies,” 
and systemic complications, such as periphlebi- 
tis, allergic reactions, and nephrotoxicity, have 
been reported in patients receiving intravenous 
vancomycin hydrochloride. Intravenous anti- 
biotics were used during the brief hospital stay 
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of only one of our 19 patients with delayed- 
onset endophthalmitis (Case 1). Because of the 
retrospective nature of the present series with- 
out randomization of treatment, we are unable 
to draw any conclusions about the effectiveness 
of intravenous antibiotics in this category of 
endophthalmitis. 

When characteristic stringy, white infiltrates 
are seen in the vitreous or cultures are positive 
for fungal elements, we recommend intravitreal 
injection of amphotericin B, 5 pg. Brod and 
associates” reported successful treatment of 
endogenous Candida species endophthalmitis 
without intravenous amphotericin B. To avoid 
the systemic toxicity associated with its use, 
systemic amphotericin B was not used in our 
patients with Candida species endophthalmitis. 
Treatment with oral imidazoles, such as 
ketoconazole or fluconazole, could be consid- 
ered in patients with fungal infection. 

The determination of a clinical cure was diffi- 
cult in these patients with delayed-onset pseu- 


dophakic endophthalmitis because 12 patients | 


had recurrence of marked inflammation and ten 
of these patients had positive culture results on 
repeat examination of intraocular fluids despite 
an apparent initial cure (Table 3). Nine patients 
required long-term use of topical corticoste- 
roids postoperatively to suppress low-grade in- 
flammation or episodes of acute-onset anterior 
uveitis. Despite these features, delayed-onset 
pseudophakic endophthalmitis has a more fa- 
vorable visual prognosis, compared to other 
categories of endophthalmitis. 
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OPHTHALMIC MINIATURE 
After the war he intended to go back to London, where one could see one’s 
own oculist. For Oliver’s oculist had disappeared into the Army at the 
beginning of the war and he had chanced upon a very unlovable gentleman 
whose attitude towards his patients was that if his glasses did not suit them, 
something must be wrong with their eyes and it was entirely their own fault. 


Angela Thirkell, Marling Hall 


New York, Carroll & Graf Publishers, Inc., 1990, p. 66 





Extracapsular Cataract Extraction With Intraocular Lens 


Implantation After Scleral Buckling Surgery 





Richard S. Ruiz, M.D., and Osman A. Saatci, M.D. 


We reviewed the records of 28 patients who 
had undergone successful scleral buckling 
surgery followed by extracapsular cataract ex- 
traction with implantation of an intraocular 
lens. Posterior chamber intraocular lenses 
were inserted in 27 eyes, and anterior chamber 
intraocular lenses were inserted in two eyes 
with posterior capsule rupture at the time of 
surgery. The mean follow-up period was 44 
months. Final visual acuity was 20/40 or better 
in 15 of 29 eyes (52%). One eye (3.4%) 
developed a recurrent retinal detachment 15 
months after cataract surgery. Two eyes (6.9%) 
developed angiographically proven cystoid 
macular edema. The outcome for extracapsu- 
lar cataract extraction with intraocular lens 
implantation in eyes that had previously un- 
dergone successful scleral buckling for retinal 
detachment is favorable. 


The RATES OF REDETACHMENT after intracaps- 
ular cataract extraction in two studies reported 
by Ackerman and associates' in 1970 and by 
Pischel, Atkins, and Roth? in 1977 were 4% 
(three of 73 eyes) and 15.5% (nine of 58 eyes), 
respectively. Smiddy and associates’ reported a 
recurrent retinal detachment rate of less than 
3% in 31 eyes after standard extracapsular 
cataract extraction (ten with extracapsular cata- 
ract extraction alone and 21 with extracapsular 
cataract extraction and posterior chamber lens 
implantation). Smith and associates’ empha- 
sized that none of their 44 patients with pseu- 
dophakic retinal detachment of 3,065 total pa- 
tients had previous retinal detachment surgery. 
We studied 29 eyes of 28 patients who had 
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undergone extracapsular cataract extraction 
with intraocular lens implantation after suc- 
cessful scleral buckling surgery for retinal de- 
tachment. 





Patients and Methods 





We reviewed the records of 2,100 consecutive 
eyes that had undergone extracapsular cataract 
extraction with intraocular lens implantation 
between January 1981 and December 1989 to 
identify those eyes that had undergone previ- 
ous successful scleral buckling surgery for reti- 
nal detachment. We excluded eyes that had a 
previous retinopexy without a scleral buckle, 
vitrectomy as part of the retinal detachment 
treatment, or diabetic retinopathy. Only those 
eyes with a minimum of six months of follow- 
up from the date of cataract surgery were in- 
cluded. 

Information recorded before the cataract sur- 
gery included the following: age and sex of the 
patient; right or left eye; interval since retinal 
detachment repair; number of retinal detach- 
ment operations; visual acuity at the time of 
cataract surgery; optic disk and macular status 
of the involved eye; axial length of the 29 
operated on eyes and 22 of the fellow eyes; and 
retinal status of the fellow eye. 

Intraoperative complications were recorded, 
and postoperative data included the following: 
best-corrected visual acuity; subsequent YAG 
capsulotomy; duration of follow-up; and post- 
operative complications including retinal tears, 
retinal detachment, and cystoid macular edema. 


Results 


Age of the patients at the time of cataract 
surgery ranged from 38 to 83 years (mean, 66 
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years). Fourteen patients were men and 14 were 
women. There were 13 right eyes and 16 left 
eyes. The interval between previous retinal 
detachment repair and cataract surgery ranged 
from 18 to 280 months (mean, 137 months). Of 
29 eyes, two (6.9%) had two scleral buckling 
procedures, and one (3.4%) had three scleral 
buckling procedures. The remaining 26 eyes 
(89.6%) had undergone one scleral buckling 
procedure. Best-corrected visual acuity before 
cataract surgery and best-corrected postopera- 
tive visual acuity are shown in the Figure. 

Preoperatively, two eyes had age-related 
macular degeneration, two eyes had glaucoma- 
tous optic nerve damage, one eye had a prereti- 
nal membrane, and one eye had a macular hole. 

Axial length measurements were performed 
before cataract surgery, and the mean axial 
length of the involved eyes was 25.63 mm. Of 
the 29 eyes, 17 (58.6%) had an axial length of 
25.00 mm or longer. Nine of the 29 eyes (31%) 
had an axial length of 26.00 mm or longer. 
Axial length measurements were available in 22 
fellow eyes; the mean was 25.22 mm. Seven of 
22 fellow eyes (31.8%) had an axial length of 
longer than 25.00 mm. 

Of 27 fellow eyes, 17 (63%) did not have 
retinal disease, and five (18.5%) had undergone 
previous retinal detachment repair. Five fellow 
eyes were treated with retinopexy because of 
tears or holes in the retina. 

There were no modifications to our standard 
extracapsular cataract extraction technique. A 
limbal-based conjunctival flap and a 10-mm 
grooved incision were created. A large anterior 
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capsulotomy was performed, and the nucleus 
was dislocated with an irrigating cannula and 
delivered with a lens loop. Posterior chamber 
intraocular lenses were placed in the ciliary 
sulcus in 27 of 29 eyes (93.1%). Two eyes (6.9%) 
received anterior chamber lenses because of 
rupture of the posterior capsule and vitreous 
loss. A meticulous anterior vitrectomy was per- 
formed to remove all vitreous from the incision 
and anterior chamber before anterior chamber 
lens insertion. No primary capsulotomies were 
performed. The incision was closed with six 
interrupted sutures. 

Of 29 eyes, 15 (52%) attained visual acuity of 
20/40 or better postoperatively, and 14 (48%) 
had final visual acuity of 20/50 or worse. In 
eight eyes with no preexisting conditions, visu- 
al acuity did not improve to better than 20/50. 
This was attributed to compromised retinal 
function because of involvement of the macula 
in the previous retinal detachment. 

YAG capsulotomy was performed in six of 27 
eyes (22.2%) from 19 to 77 months postopera- 
tively. No recurrent retinal detachment was 
noted after posterior capsulotomy. 

The follow-up period after cataract surgery 
varied from six to 104 months (mean, 44 
months). There was a minimum follow-up peri- 
od of 12 months in 25 of 29 eyes (86.2%). 

Only one eye (3.4%) developed retinal de- 
tachment with a new retinal tear 15 months 
after the extracapsular cataract extraction with 
posterior chamber intraocular lens implanta- 
tion with an intact posterior capsule. The retina 
was successfully attached by revising the scler- 


Figure (Ruiz and Saatci). 
Scattergram of best-corrected 
visual acuity before cataract 
surgery and _ best-corrected 
postoperative visual acuity. 
CF indicates counting fin- 
gers. 
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al buckle. Seventeen months later the retina 
detached again. A revision of the scleral buckle 
successfully reattached the retina with final 
visual acuity of 20/20. Twenty months after the 
second retinal detachment repair, YAG capsu- 
lotomy was performed with no change in reti- 
nal status. No other eyes developed retinal 
tears or detachments. 

Two eyes (6.9%) developed angiographically 
proven cystoid macular edema. Both of these 
eyes attained a final visual acuity of 20/40. 





Discussion 





A family history of retinal detachment, previ- 
ous retinal break or retinal detachment in ei- 
ther eye, lattice degeneration, and vitreous loss 
during cataract extraction were all considered 
as contraindications for intraocular lens im- 
plantation a decade ago.’ Improved surgical 
techniques that maintain the integrity of the 
posterior capsule and the superior optical reha- 
bilitation offered by intraocular lenses expand- 
ed the indications for intraocular lens implan- 
tation. We have performed extracapsular 
cataract extraction with posterior chamber in- 
traocular lens implantation in patients after 
scleral buckling for previous retinal detach- 
ment. It is worthwhile to assess the outcome of 
extracapsular cataract extraction with intraocu- 
lar lens implantation in this particular group of 
patients. 

Smiddy and associates’ found a recurrent 
retinal detachment rate of less than 3% after 
extracapsular cataract extraction with and 
without intraocular lens implantation in 31 
eyes. Our redetachment rate of 3.4% (one of 29 
eyes) is similar, but both series were small. The 
reported retinal detachment rates after extra- 
capsular cataract extraction with or without 
intraocular lens implantation varies between 
0.2% and 3.6%.**" It is reported that 27% to 
43%*317 of retinal detachments occur m the 
first six months and 46% to 74%*'*™ occur in 
the first 12 months after cataract surgery. Our 
mean follow-up period was 44 months with 
86.2% of the patients (25 of 29 eyes) having 12 
months or longer of follow-up. 

High-risk factors predisposing to retinal de- 
tachment were prevalent in our patients. The 
average bilaterality rate for retinal detachment 
is 10%.” Five of 27 fellow eyes (18.5%) in our 
series had previous retinal detachment repair. 
Axial length of more than 25.00 mm is a risk 


factor for retinal detachment.**' Patients with 
25.00 mm or longer axial length had five times 
greater rate of retinal detachment according to 
Davison.” Armstrong and Lichenstein” report- 
ed a retinal detachment rate of 7.5% in 40 
pseudophakic eyes, 38 of which had axial 
lengths of 25.00 mm or longer. Previous scleral 
buckling might have affected our axial length 
measurements. Although Kiernan, Leveille, 
and Morse” did not report any change in axial 
length in their patients, Larsen and Syrdalen™ 
and Smiddy and associates” showed 0.98 to 
0.99 mm of elongation after scleral buckling 
procedures. Of our 29 eyes, 17 (58.6%) 
had axial lengths of 25.00 mm or longer and 
nine (31%) had axial lengths of greater than 
26.00 mm. 

Vitreous loss at the time of cataract surgery 
increases the risk of retinal detachment.” 
When vitreous loss occurred, the retinal de- 
tachment incidence was 8.6% according to 
Coonan and associates.” In two of our cases, 
vitreous loss occurred without subsequent reti- 
nal detachment. 

YAG capsulotomy is a possible risk factor.” 
Reported retinal detachment rates after YAG 
laser capsulotomy vary from 0.08% to 3.2%." 
Coonan and associates” believe capsulotomy 
increases the retinal detachment rate threefold. 
In eyes with severe myopia, the risk is more 
significant.” In our study, six of 27 eyes 
(22.2%) received YAG capsulotomy, and no 
retinal detachment developed in these cases. 
The only eye with a recurrent retinal detach- 
ment in our series had laser capsulotomy after 
two scleral buckling operations without recur- 
rence of the retinal detachment. 

The amount of preserved macular function 
after retinal detachment was an important fac- 
tor determining the ultimate visual outcome. 
Smiddy and associates’ reported that five of 31 
eyes (16%) did not attain 20/40 or better final 
visual acuity, although the eyes had clear opti- 
cal media. Similarly, eight of our 29 eyes 
(27.6%) could not reach a level of 20/40 visual 
acuity without visibly apparent postoperative 
cause. Potential visual acuity meter or super- 
pinhole testing preoperatively might yield val- 
uable prognostic information about the macu- 
lar status in this group of patients. 

The visual outcome was affected in two eyes 
(6.9%) because of angiographically proven cys- 
toid macular edema. The cystoid macular ede- 
ma rate after extracapsular cataract extraction 
with intraocular lens implantation varies from 
0.8%* to 7.1%. Conversely, after retinal de- 
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tachment repair the prevalence of angiographic 
cystoid macular edema in phakic eyes has been 
reported to be 25% to 28%.**** The cystoid 
macular edema rate in our patients was rela- 
tively high, and it might have been affected by 
the previous retinal detachment surgery. 

The reattachment rate in pseudophakic eyes 
after retinal detachment repair is between 90% 
and 100%. Pseudophakic retinal de- 
tachment associated with posterior chamber 
intraocular lens implantation has a more favor- 
able anatomic and visual prognosis compared 
to anterior chamber or iris-fixated lenses.” Al- 
though our series of patients was small, the low 
recurrent retinal detachment rate of 3.4% in 
this group of 29 eyes of 28 patients with high- 
risk characteristics is encouraging. When per- 
forming extracapsular cataract extraction with 
intraocular lens implantation on patients con- 
sidered to be at high risk for the development of 
retinal detachment, certain technical modifica- 
tions are indicated. These include removal of all 
capsule anterior to the zonules and creation of 
an adequate pupillary aperture for improved 
visualization of the peripheral retina postoper- 
atively. We believe that extracapsular cataract 
extraction with posterior chamber intraocular 
lens implantation is a safe technique for eyes 
with previous retinal detachment repair by 
scleral buckling. 
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Quantitative Analysis of Lens Changes After Vitrectomy 


by Fluorophotometry 


Yuichiro Ogura, M.D., Taiji Takanashi, M.D., Hitoshi Ishigooka, M.D., 
and Nobuchika Ogino, M.D. 


We measured the amount of autofluores- 
cence in the lens to evaluate quantitatively 
lens changes after vitrectomy. Thirteen 
phakic patients, ranging in age from 12 to 75 
years, were studied after unilateral vitrec- 
tomy, with a follow-up period of more than 
two years (range, 26 to 55 months). Autofluo- 
rescence in the lens was measured at the 
center along the ocular axis by fluorophotom- 
etry. Lens autofluorescence in the eyes that 
underwent vitrectomy was significantly high- 
er than in the contralateral eyes that were not 
operated on (P = .0003). The increase of auto- 
fluorescence was correlated significantly with 
the age at time of vitrectomy (P = .0008). There 
was no correlation between the increase in 
autofluorescence and the length of postopera- 
tive follow-up or the use of air during vitrec- 
tomy. Based on these results, we believe that 
oxidation of lens proteins intraoperatively 
may be one of the causes of development of 
nuclear cataract after vitrectomy. 


Nuczear cataract has been shown to develop 
after pars plana vitrectomy, with a reported 
incidence from 13% to 79%.’° Since eyes un- 
dergoing vitrectomy usually have complicated 
ocular diseases, such as vitreous hemorrhage, 
diabetic retinopathy, and uveitis, which them- 
selves may cause lens changes, it is difficult to 
evaluate the association between vitrectomy 
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and the postoperative cataractous changes. De 
Bustros and associates* reported that approxi- 
mately half of the patients undergoing vitrec- 
tomy for removal of idiopathic epiretinal mem- 
brane subsequently showed development or 
progression of nuclear cataract. Because idio- 
pathic epiretinal membranes are considered 
unrelated to cataract, the study confirmed a 
definite association between vitrectomy and the 
development of nuclear cataract. 

Slit-lamp biomicroscopy was used to grade 
the lens changes in the study by de Bustros and 
associates’ as well as in previous studies.’” 
Slit-lamp examination is, however, subjective 
and does not give a quantitative measurement. 
Nuclear cataracts show a marked increase in 
light absorbance over a wide range of wave- 
lengths, and there is a concomitant rise in 
long-wavelength fluorescence.’ Studies have 
shown that fluorophotometric measurement of 
autofluorescence in the lens is useful to detect 
and quantitate the lens changes that occur in 
diabetes or with aging.’ Using fluorophotom- 
etry, we measured the amount of autofluores- 
cence in the lens of 13 patients after vitrectomy 
to evaluate the lens changes quantitatively. 


Patients and Methods 


Thirteen phakic patients were studied after 
vitrectomy, with a postoperative follow-up per- 
iod of more than two years. All patients under- 
went unilateral vitrectomy at Kyoto University 
Hospital, Kyoto, Japan. They were informed 
about the purpose of the study, and their con- 
sent was obtained before initiation of the study. 
The patients ranged in age from 12 to 74 years 
(average, 51 years). 

Nine patients required vitrectomy for remov- 
al of epiretinal membranes. The epiretinal 
membranes were of idiopathic cause in three 
eyes, subsequent to retinopexy and scleral 
buckling for primary rhegmatogenous retinal 
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detachment in five eyes, and associated with 
trauma in one eye. Vitrectomy was performed 
in the other four patients to treat primary reti- 
nal detachment caused by a macular hole. 

All procedures were performed by one of us 
(N.O.). Using local anesthesia, a three-port 
pars plana vitrectomy was performed. The con- 
junctiva was incised at the corneoscleral limbus 
to expose the sclera. Sclerotomies were made 
with a 19-gauge microvitreoretinal blade 4 mm 
from the corneoscleral limbus. A 4-mm infu- 
sion cannula was placed in the inferotemporal 
quadrant through the sclerotomy. Balanced salt 
solution prepared for ophthalmic surgery was 
used as an intraocular irrigating solution.” Epi- 
retinal membranes were removed with a 
hooked 23-gauge disposable needle. An air- 
fluid exchange was performed on four patients 
with retinal detachment caused by macular 
hole. The retina remained attached after the 
operation in all patients, and no intraoperative 
or postoperative complications were observed. 

Autofluorescence in the lens was measured 
by fluorophotometry. The average period be- 
tween the operation and the fluorophotometric 
measurement was 38 + 10 months (range, 26 to 
55 months). The pupils were dilated with 1% 
tropicamide and 10% phenylephrine before the 
measurement. Patients with corneal or anterior 
chamber abnormalities, detected on slit-lamp 
examination, were excluded from the study. 
Patients with a focal lens opacity, which might 
interfere with the ability to perform fluoropho- 
tometric measurement, also were excluded. 

Fluorophotometry was performed with a 
commercial computerized fluorophotometer. 
The main transmittance of the exciting filter 
was between 440 and 480 nm, and that of the 
barrier filter was between 530 and 630 nm. The 
instrument was described in detail previously.” 
Fluorescence of the lens was measured at the 
center along the ocular axis from the posterior 
capsule to the anterior capsule. Scans were 
performed with data points averaged for 100 
milliseconds every 0.25 mm, and the results 
were expressed in equivalents to fluorescein 
sodium concentration (ng/ml Eq). The peak 
value was taken from a fluorophotometric pro- 
file and used for the analysis. Measurements 
were performed on both eyes, and the values in 
contralateral eyes, which did not undergo vit- 
rectomy, were used for the control. It has been 
shown that amounts of lens autofluorescence 
measured by fluorophotometry are nearly 
equal in both eyes in healthy individuals. The 
paired Student's t-test and the analysis of vari- 
ance test were used for statistical evaluation. 


Results 


The values for autofluorescence of the central 
part of the lens as a function of age of the 
patients are shown for the treated and contra- 
lateral control eyes in Figure 1. Autofluores- 
cence of the lens was correlated significantly 
with age both in treated eyes (r = .87, P = 
.0001) and in control eyes (r* = .89, P = .0001). 
The autofluorescence increase in control eyes 
was comparable to that reported previously for 
normal individuals. Autofluorescence in the 
treated eyes was significantly higher than in the 
control eyes (P = .0003). When the difference 
between the treated and control eyes was plot- 
ted as a function of the age of patients, the 
increase of autofluorescence was significantly 
correlated with age at the time of the operation 
(* = .65, P = .0008; Fig. 2). There was no 
correlation between the length of postoperative 
follow-up and the autofluorescence increase (r° 
= .02, P = .68). 

An air-fluid exchange was performed in four 
patients with retinal detachment with macular 
hole. The mean increase of autofluorescence in 
these patients was compared with that in pa- 
tients who did not receive air-fluid exchange at 
the time of the operation. The age was matched 
in the two groups. The fluorescence increase for 
eyes with air-fluid exchange was 98 + 39 ng/ml 
Eq, whereas the fluorescence increase for eyes 
without air-fluid exchange was 110 + 37 ng/ml 
Eq. No statistically significant difference was 
found between the two groups (P = .67). 


Discussion 


In the human lens, two major types of fluo- 
rescence are detected, one of which is emitted 
around 340 nm when excited at 290 nm (purple 
fluorescence), and the other with excitation and 
emission wavelengths of approximately 340 
and 420 nm, respectively (blue fluorescence). 
Satoh, Bando, and Nakajima” reported that the 
purple fluorescence of the human lens is main- 
tained at a relatively constant level throughout 
life, whereas the blue fluorescence increases 
with age. Jacobs and Krohn™ showed that the 
fluorescence measured at 530 nm, which is 
similar to the wavelength used in our study, 
increases with age, especially in the nuclear 
region. The long-wavelength fluorescence has 
been suggested to originate oxidation products 
of tryptophan in the lens.’ Previous studies 
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using the same type of fluorophotometer as in 
our study have shown that this technique is 
useful to quantitate the increase in fluorescence 
in the lens that occurs with aging or diabetes 
mellitus.’ Our results indicate that vitreous 
surgery also causes an accumulation of fluores- 
cent materials in the lens. Nine patients in this 
study had retinal detachment before or at the 
time of vitrectomy, which may influence the 
lens changes. Mandai and associates, howev- 
er, confirmed that autofluorescence in the lens 
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Fig. 1 (Ogura and associates). 
Fluorescence in the lens as a func- 
tion of age of the patients at time of 
vitrectomy. Open circles indicate 
the results from the eyes that un- 
derwent vitrectomy; closed circles 
indicate the results from the un- 
treated contralateral eyes; and the 
line indicates the regression line 
for the control eyes. 


70 80 


did not increase after retinal detachment and 
treatment with scleral buckling. 

The increase in the lens autofluorescence was 
correlated significantly with age of the patients 
at the time of the operation. This finding sug- 
gested that lenses of older patients are more 
vulnerable to lens changes after surgical inter- 
vention than are lenses of younger patients. De 
Bustros and associates‘ also noted that younger 
patients had a lower incidence of postoperative 
nuclear sclerosis, although this difference was 


Fig. 2 (Ogura and associates). In- 
crease of fluorescence in the treated 
eyes as a function of age of the 
patients at time of vitrectomy. The 
fluorescence increase was calculat- 
ed by subtracting the value in the 
contralateral eye from the value in 
the eye that underwent vitrectomy. 
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not statistically significant. The potential for 
postoperative progression of cataract should be 
kept in mind when vitrectomy is performed on 
patients older than 50 years of age. 

We did not find a relationship between the 
length of postoperative follow-up and the lens 
changes. This may be because of the small 
population of patients in our study or because 
we enrolled only the patients with postopera- 
tive follow-up periods of more than 24 months, 
since the purpose of the study was to demon- 
strate late changes of the lens. Poliner and 
associates® reported that cataractous progres- 
sion was observed in 48% of patients at 12 
months and in 68% at 24 months after vitrec- 
tomy for premacular fibroplasia. The prelimi- 
nary results of the study of Ogino, Kitagawa, 
and Ogura” suggested that the lens changes 
start within six months after surgery and deteri- 
orate gradually thereafter. 

It has been known that prolonged intravitreal 
gas tamponade using long-acting gases such as 
perfluoropropane or sulfur hexafluoride some- 
times causes posterior subcapsular opacities 
from a direct contact with the posterior surface 
of the lens and gas bubbles." Our results, 
however, suggested that gas tamponade with 
air does not influence the late changes of the 
lens fluorescence after vitrectomy. The effects 
of long-acting gases still remain to be deter- 
mined. 

Nuclear sclerosis is known to develop with 
aging. It has been suggested that nuclear sclero- 
sis is caused by extensive crosslinking of the 
lens proteins and that one type of the major 
crosslinks is disulfide crosslink, which results 
from oxidation of protein sulfhydryl groups, 
although the origin of the oxidative insult is 
unknown.’ It also has been shown that pro- 
longed hyperbaric oxygen treatment causes nu- 
clear sclerosis of the lens, especially in elderly 
patients.*’*! From these results it is possible 
that oxygen plays an important role in the 
development of nuclear sclerosis. Oxygen ten- 
sion in the aqueous humor is reported to be 30 
to 40 mm Hg at the mid anterior chamber.” 
Sakaue, Negi, and Honda” measured oxygen 
tension in the human vitreous before vitreous 
surgery. According to their study, the average 
oxygen tension in the anterior vitreous was 
16.7 + 3.7 mm Hg. These results suggested that 
the lens environment is usually relatively low 
in oxygen. Considering that the irrigating solu- 
tion is equilibrated with air at an atmospheric 
pressure, oxygen tension in the irrigating solu- 
tion is estimated to be approximately 150 mm 
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Hg (20% of 760 mm Hg). Therefore, the lens is 
exposed to an extremely high level of oxygen, 
five to ten times higher than normal, during 
vitreous surgery. It is reasonable to speculate 
that a high concentration of oxygen in the 
irrigating solution contributes to oxidation of 
proteins in the lens, which later may lead to an 
increase of fluorescent derivatives and develop- 
ment of nuclear cataract. 

Additionally, intensive light exposure from 
an operating microscope may be a facilitating 
factor for the oxidation of lens proteins. Mitch- 
ell and Anderson” reported that catalase, 
which is one of the antioxidant enzymes exist- 
ing in the lens, is inactivated in the presence of 
oxygen and light. Inactivation of antioxidant 
enzymes in the lens by light from the operating 
microscope may further promote oxidation of 
the lens proteins. It has been reported that the 
activity of antioxidative enzymes in the human 
lens, such as superoxide dismutase and gluta- 
thione peroxidase, decreases with age and at 
the onset of nuclear sclerosis.” This may ex- 
plain the results of our study and the develop- 
ment of nuclear sclerosis after hyperbaric oxy- 
gen treatment,” both of which demonstrated 
the vulnerability of lenses of older patients to 
posttreatment lens changes. 

Measurement of fluorescence in the lens is 
useful to detect and quantitate the changes that 
occur after vitrectomy. Moreover, quantitative 
analysis demonstrated that older lenses are 
more susceptible to lens changes after surgical 
intervention, which suggests that oxidation of 
lens proteins during vitrectomy may be one of 
the causes of development of nuclear cataract 
after this procedure. 
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Control of Intraocular Pressure With Apraclonidine 


Hydrochloride After Cataract Extraction 


Stephen B. Wiles, M.D., Douglas MacKenzie, M.D., and Carl H. Ide, M.D. 


We conducted a randomly assigned, double- 
masked, controlled clinical trial to assess the 
efficacy of 1% apraclonidine hydrochloride in 
controlling postoperative intraocular pres- 
sure increases in patients undergoing extra- 
capsular cataract extraction. Apraclonidine 
hydrochloride was given either one hour pre- 
operatively or immediately after uncompli- 
cated, extracapsular cataract extraction with 
posterior chamber intraocular lens implanta- 
tion and compared with artificial tears given 
immediately postoperatively. Those who re- 
ceived apraclonidine hydrochloride preopera- 
tively had significantly lower mean intraocu- 
lar pressure at the first postoperative reading 
(P = .0005). After preoperative and postopera- 
tive apraclonidine hydrochloride, the mean 
early postoperative intraocular pressure was 
19.8 mm Hg and 32.0 mm Hg, respectively, and 
27.6 mm Hg after artificial tears. No patient 
who received preoperative apraclonidine hy- 
drochloride had an intraocular pressure in- 
crease to 30 mm Hg or higher postoperatively. 
Nine of 20 patients (45%) who received postop- 
erative apraclonidine hydrochloride and eight 
of 18 patients (44%) who received postopera- 
tive artificial tears had an increase of intraoc- 
ular pressure to 30 mm Hg or higher in the 
early postoperative period. These differences 
were also highly significant (P = .0005). 
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Inrraocutar PRESSURE INCREASES after cataract 
extraction have been well described.” A variety 
of mechanisms have been postulated to account 
for this phenomenon, and the use of some 
agents, such as viscoelastics, has been associat- 
ed with higher postoperative intraocular pres- 
sure.” Sudden and profound increases in intra- 
ocular pressure can be hazardous to visual 
outcome, especially in patients with pre-exist- 
ing compromised optic nerves or vasculature. 
Many agents have been studied to determine 
their effect on intraocular pressure in the post- 
operative period after cataract extraction. 
These include beta-blockers, miotics, carbonic 
anhydrase inhibitors, viscoelastics, and alpha- 
chymotrypsin. One study found that timolol 
maleate given both preoperatively and postop- 
eratively in each patient reduced postoperative 
intraocular pressure increases in patients un- 
dergoing intracapsular cataract extraction 
without alpha-chymotrypsin.” Another group 
found that timolol maleate given only postoper- 
atively had minimal effect on reducing intraoc- 
ular pressure after cataract extraction.’ Other 
medications can prevent postoperative intraoc- 
ular pressure increases when given postopera- 
tively.” The ability of an aqueous suppressant 
to influence the postoperative intraocular pres- 
sure may depend in part on the time of applica- 
tion. Apraclonidine hydrochloride is a relative- 
ly new ocular hypotensive agent whose effect 
on intraocular pressure after cataract surgery is 
not known. Intraocular pressure increases after 
argon laser trabeculoplasty, argon laser iridoto- 
my, and YAG posterior capsulotomy can be 
prevented in many patients by pretreating with 
apraclonidine hydrochloride. We conducted a 
randomly assigned, double-masked, controlled 
clinical trial to determine the effect of 1% apra- 
clonidine hydrochloride, given either preopera- 
tively or postoperatively, on postoperative in- 
traocular pressure in patients undergoing 
uncomplicated extracapsular cataract extrac- 
tion. 
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Patients and Methods 


Sixty-five patients scheduled for extracapsu- 
lar cataract extraction were randomly assigned 
to one of three groups: preoperative apracloni- 
dine hydrochloride, postoperative apracloni- 
dine hydrochloride, or postoperative artificial 
tears. Patients were excluded from considera- 
tion for the following reasons: if they had a 
history of uveitis, glaucoma, or previous ocular 
surgery; preoperative intraocular pressure of 22 
mm Hg or above; if they were taking topical 
ocular medications chronically; or if they hada 
contraindication to posterior chamber intraocu- 
lar lens implantation. One patient with sclero- 
derma was also excluded. We analyzed a total 
of 57 patients who met these criteria. One 
patient from the preoperative apraclonidine hy- 
drochloride group, four patients from the post- 
operative apraclonidine hydrochloride group, 
and two patients from the artificial tear group 
were being treated with systemic beta-blockers. 

Of the 19 men in the preoperative apracloni- 
dine hydrochloride group, the mean age was 
64.6 years (range, 49 to 80 years). Five right 
eyes and 14 left eyes were affected. 

Of the 20 men in the postoperative apracloni- 
dine hydrochloride group, the mean age was 
70.7 years (range, 43 to 89 years). Eleven right 
eyes and nine left eyes were affected. 

Of the 18 men in the artificial tear group, the 
mean age was 69.2 years (range, 48 to 79 years). 
Ten right eyes and eight left eyes were affected. 

All patients underwent extracapsular cataract 
extraction and implantation of a 7.0-mm pos- 
terior chamber intraocular lens. Informed con- 
sent was obtained from every patient. Pupils 
were dilated preoperatively with three sets of 
one drop each of 2.5% phenylephrine hydro- 
chloride and 1% cyclopentolate hydrochloride, 
five minutes apart. Noncorticosteroidal antiin- 
flammatory preparations were not given to any 
patient. Nineteen patients received two drops 
of 1% apraclonidine hydrochloride one hour 
before surgery. Each patient received local an- 
esthesia using a modified O’Brien or van Lint 
facial nerve block (5.0 + 1.0 ml) and retro- 
bulbar block (3.0 + 1.0 ml) with an equal 
mixture of 2% lidocaine with epinephrine and 
0.75% bupivacaine hydrochloride with hyalu- 
ronidase. Digital pressure was applied until 
intraocular pressure by Schidtz tonometry was 
less than 10 mm Hg. A standard extracapsular 
procedure was performed using an irrigating 


solution containing epinephrine (1.0 ml of 
1:1,000 dilution added to 500 ml of balanced 
salt solution) to enhance pupillary dilation dur- 
ing removal of the cortex. Intracameral sodium 
hyaluronate was used before anterior capsu- 
lotomy and intraocular lens placement and was 
aspirated before final closure of the incision. 
Intracameral 1% acetylcholine chloride (0.5 + 
0.25 ml) was given to promote miosis. In every 
patient watertight incision closure was per- 
formed with seven to ten interrupted 10-0 ny- 
lon sutures. Subconjunctival gentamicin sulfate 
(0.5 ml) and betamethasone (0.5 ml) were in- 
jected at the end of the procedure. Before patch- 
ing, 20 patients received two drops of apraclo- 
nidine hydrochloride, and 18 patients received 
two drops of artificial tears. 

Having no knowledge of which type of eye- 
drop the patient received, the surgeon deter- 
mined the end point of intraocular pressure 
measurement by applanation tonometry, using 
the same Goldmann applanation tonometer, for 
a particular patient at each time interval. An- 
other investigator observed the tonometer scale 
value and recorded this number without in- 
forming the surgeon of the reading. Horizontal 
and vertical values were averaged to minimize 
the effect of astigmatism on readings. Measure- 
ments were taken 12 hours preoperatively, five 
to eight hours postoperatively (early), and 24 
hours postoperatively (late). 

Any patient in whom intraocular pressure 
reached 30 mm Hg or higher in the early post- 
operative period received additional treatment 
with a topical beta-blocker, oral acetazolamide, 
or both, depending on the severity of the in- 
crease. Supplemental intraocular pressure 
readings were taken when appropriate to en- 
sure that all patients received adequate intraoc- 
ular pressure control after the operation. 


Results 


Kruskall-Wallis analysis of variance and Dun- 
can’s multiple range testing were used to ana- 
lyze mean intraocular pressure differences. 
Preoperative intraocular pressure was not sig- 
nificantly different between groups (preopera- 
tive apraclonidine hydrochloride group, 14.4 + 
2.5 mm Hg; postoperative apraclonidine hydro- 
chloride group, 15.7 + 2.4 mm Hg; artificial 
tear group, 14.9 + 2.8 mm Hg). Preoperative 
intraocular pressure was not significantly dif- 
ferent between patients who were receiving 
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systemic beta-blockers and those who were not. 
Mean intraocular pressure at the early postop- 
erative visit was significantly lower in patients 
pretreated with apraclonidine hydrochloride 
(19.8 + 4.9 mm Hg) when compared to those 
receiving either apraclonidine hydrochloride 
postoperatively (32.0 + 11.4 mm Hg) or artifi- 
cial tears (27.6 + 8.3 mm Hg) (P = .002). Mean 
change from preoperative intraocular pressure 
at the early postoperative measurement was 
+5.4 mm Hg in the pretreated group (P = .002), 
+16.3 mm Hg in the postoperative apracloni- 
dine hydrochloride group (P = .0001), and 
+12.7 mm Hg in the artificial tear group (P = 
.0006). A significantly smaller mean pressure 
increase at the early postoperative visit was 
observed in the preoperative apraclonidine hy- 
drochloride group when compared with the 
other groups (P = .0005). The difference in 
pressure increase between the postoperative 
apraclonidine hydrochloride and artificial tear 
groups was not significantly different. 

No patient who received apraclonidine hy- 
drochloride preoperatively had an increase in 
intraocular pressure to 30 mm Hg or above 
postoperatively. Of the 20 patients who re- 
ceived apraclonidine hydrochloride postopera- 
tively, nine (45%) had an early postoperative 
pressure increase to 30 mm Hg or above, and of 
the 18 patients who received artificial tears, 
eight (44%) had such an increase. Chi-square 
analysis of proportions showed these differenc- 
es to be highly significant (P = .002). Compari- 
sons between groups indicated no difference 
between the postoperative apraclonidine hy- 
drochloride and artificial tear groups in the 
proportion of patients with intraocular pres- 
sure increases to 30 mm Hg or higher postoper- 
atively. Four of 19 patients (21%) in the preop- 
erative apraclonidine hydrochloride group, 13 
of 20 patients (65%) in the postoperative apra- 
clonidine hydrochloride group, and 12 of 18 
patients (67%) in the artificial tear group had 
an intraocular pressure increase of 10 mm Hg or 
more at the first postoperative visit. 

All patients with postoperative intraocular 
pressure of 30 mm Hg or higher were treated 
with adjunctive medical treatment, and in ev- 
ery patient, intraocular pressure was success- 
fully decreased to an adequate level at the late 
postoperative intraocular pressure reading. 
None of the patients who received preoperative 
apraclonidine hydrochloride required adjunc- 
tive treatment, and mean postoperative intraoc- 
ular pressure at 24 hours was 16.7 + 5.9 mm Hg 
for this group. This was not significantly differ- 


ent from preoperative readings. For patients 
not requiring adjunctive medication in the 
other groups, there was no significant differ- 
ence in late postoperative pressure from base- 
line. The mean late postoperative intraocular 
pressure at 24 hours was 17.0 + 3.9 mm Hg in 
the postoperative apraclonidine hydrochloride 
group and 17.9 + 2.4 mm Hg in the artificial 
tear group. No patient whose initial postopera- 
tive reading was below 30 mm Hg had an 
increase in intraocular pressure to this level at 
24 hours. The highest intraocular pressure re- 
corded at the early postoperative reading for 
patients receiving preoperative apraclonidine 
hydrochloride was 24 mm Hg. 

Postoperative inflammation did not correlate 
with intraocular pressure in any group. There 
were no complications of treatment observed. 


Discussion 


Apraclonidine hydrochloride is a relatively 
selective alpha-2 agonist. This drug works pe- 
ripherally and has limited access to the central 
nervous system. Topical application results in 
peripheral nonselective alpha agonistic proper- 
ties, such as unilateral transient eyelid retrac- 
tion, conjunctival blanching, and xerostomia.”” 
Serdahl, Galustian, and Lewis” demonstrated a 
reduction in conjunctival oxygen tension after 
topical administration. No significant changes 
in blood pressure or heart rate have been 
found.'*!° 

Apraclonidine hydrochloride has a peak ef- 
fect at two to five hours after administration 
and a duration of approximately 12 hours. It 
reduces intraocular pressure in normal and 
glaucomatous eyes.’*'*'” Abrams and associ- 
ates“ found a maximum mean decrease of 3.6 
mm Hg and 3.0 mm Hg at two and 12 hours, 
respectively, after treatment in normal eyes 
when diurnal fluctuations in intraocular pres- 
sure were considered. Similarly, in glaucoma- 
tous eyes, a decrease of 4.7 mm Hg and 3.1 mm 
Hg, at two and 12 hours respectively, occurred. 
Tachyphylaxis did not develop after prolonged 
treatment. Jampel and associates” suggested 
that lower concentrations may be as effective as 
the 1% solution. A small but significant reduc- 
tion in intraocular pressure in the contralateral 
eye may occur.” 

Apraclonidine hydrochloride reduces intra- 
ocular pressure by inhibiting aqueous humor 
production, by up to 35%, as shown by fluoro- 
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photometry.” The effect of apraclonidine hy- 
drochloride on uveoscleral outflow is not 
known, and there appears to be no effect on 
outflow facility in humans.” When given preop- 
eratively, apraclonidine hydrochloride is effec- 
tive in limiting the increase in intraocular pres- 
sure after argon laser trabeculoplasty,’'™*" 
argon laser iridotomy,” and YAG posterior 
capsulotomy.’”’*?! 

Our results show that mean postoperative 
intraocular pressure between five and eight 
hours after surgery is significantly lower in 
patients who received apraclonidine hydro- 
chloride preoperatively. All groups had a mean 
increase in intraocular pressure at the early 
postoperative reading. Mean change in intraoc- 
ular pressure at the first postoperative visit was 
significantly lower after pretreatment with 
apraclonidine hydrochloride (+5.4 mm Hg) 
when compared with postoperative apracloni- 
dine hydrochloride (+16.3 mm Hg) or artificial 
tears (+12.7 mm Hg). None of the patients who 
received apraclonidine hydrochloride preoper- 
atively had a postoperative increase in intraoc- 
ular pressure to 30 mm Hg or higher. This was 
significantly lower than the number of patients 
who had an intraocular pressure increase to 30 
mm Hg or higher after postoperative apracloni- 
dine hydrochloride (nine of 20 patients [45%]) 
or artificial tears (eight of 18 patients [44%]). 

The ineffectiveness of immediate postopera- 
tive treatment with apraclonidine hydrochlor- 
ide suggests that surgical trauma preempts the 
intraocular pressure lowering effect of apraclo- 
nidine hydrochloride. Preoperative apracloni- 
dine hydrochloride may stabilize the ciliary 
structure such that it responds poorly to media- 
tors released in response to surgery. Ciliary 
stabilization preoperatively, possibly vascular 
or epithelial, appears to be necessary for early 
postoperative intraocular pressure to be con- 
trolled by apraclonidine hydrochloride. 

Flurbiprofen, a noncorticosteroidal antiin- 
flammatory drug, is used to inhibit intraopera- 
tive miosis during cataract surgery. This agent 
was not used in our study since its effect on 
prostaglandin liberation might have influenced 
the intraocular pressure after surgery. Addi- 
tionally, there are opposing views about the 
relationship between apraclonidine hydro- 
chloride and flurbiprofen.”” 

Our data suggest that apraclonidine hydro- 
chloride given preoperatively minimizes the 
postoperative intraocular pressure increase ob- 
served after extracapsular cataract extraction. 
Surgeons should consider preoperative apra- 


clonidine hydrochloride for those patients at 
risk for visual loss from high postoperative 
intraocular pressure. 
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Comparison of a 3- and 6-mm Incision in Combined 


Phacoemulsification and Trabeculectomy 


W. Andrew Lyle, M.D., and Jia Chi Jin, M.D. 


We studied 216 eyes of 160 patients who 
underwent combined phacoemulsification 
and posterior chamber intraocular lens im- 
plantation with trabeculectomy. The mean 
follow-up was 18.7 months, with a minimum 
follow-up of six months. To assess the safety 
and efficacy of a recently developed 3-mm 
incision procedure with foldable intraocular 
lens implantation (phacotrabeculectomy), we 
compared 104 eyes subjected to this procedure 
with 112 eyes subjected to a 6-mm procedure 
at different follow-up periods. Intraocular 
pressure control (< 21 mm Hg) was attained in 
44 of 46 eyes (96%) in the 3-mm group and 71 of 
76 eyes (93%) in the 6-mm group at one year 
postoperatively. Visual acuity of 20/40 or bet- 
ter was attained in 40 of 46 eyes (87%) in the 
3-mm group and 66 of 76 eyes (87%) in the 
6-mm group. The incidence of postoperative 
complication was significantly lower (P < 
.001) and visual acuity in the early postopera- 
tive period was significantly better (P < .01) in 
the 3-mm incision group than in the compari- 
son group. 


Te apvantaces of combined surgery for cata- 
ract and glaucoma have been widely recognized 
since the mid 1970s.'" Currently, the most 
commonly used combined procedure is 
planned extracapsular cataract extraction with 
a posterior chamber intraocular lens implanta- 
tion and trabeculectomy.*’” Phacoemulsifica- 
tion, however, has increased rapidly in popu- 
larity recently." Since the introduction of 
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foldable lens implantation, some interesting 
new options are available to anterior segment 
surgeons. To assess the safety and efficacy of 
the small incision procedure, we studied the 
initial experience of a new 3-mm incision pro- 
cedure for combined phacoemulsification and 
foldable lens implantation with trabeculectomy 
and compared 104 eyes subjected to this proce- 
dure with 112 eyes subjected to a 6-mm incision 
conventional combined procedure. 


Patients and Methods 


The combined phacoemulsification, posterior 
chamber intraocular lens implantation, and tra- 
beculectomy were performed in 216 eyes of 160 
patients by one of us (W.A.L.) between January 
1984 and December 1989. Seven eyes of seven 
additional patients who underwent this opera- 
tion were excluded from our analysis because of 
lack of adequate follow-up data collection. In 
the first group, which began in 1984, all the 
patients received phacoemulsification with pol- 
ymethylmethacrylate posterior chamber intra- 
ocular lens implantation and trabeculectomy 
through a 6-mm incision. The trabeculectomy 
was performed by creating a 3-mm flap posteri- 
orly at one point in the incision. Since March 
1988, a new procedure with a 3-mm incision 
has been used through which the phacoemulsi- 
fication, intraocular lens insertion, and trabec- 
ulectomy are accomplished (phacotrabeculec- 
tomy). In our study, 112 eyes in the first group 
and 104 eyes in the second group were com- 
pared. 

The criteria for selection of patients were the 
same in both groups. Those chosen for com- 
bined surgery had cataract that affected vision 
significantly and glaucoma at various stages. 
The patients had visual field defects consistent 
with glaucoma, ophthalmoscopic evidence of 
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glaucomatous optic neuropathy, or intraocular 
pressure of higher than 22 mm Hg while taking 
medical treatment. Some of the patients had 
undergone previous laser trabeculoplasty. 

Preoperatively, all patients had a standard 
examination including best-corrected visual 
acuity, applanation tonometry, gonioscopy, de- 
tailed ophthalmoscopic examination, and visu- 
al field testing. Preoperative intraocular pres- 
sure was determined as the average of the last 
three applanation tonometry measurements 
during the two months before surgery. Postop- 
erative follow-up was at least six months in 
both groups. Intraocular pressure, best-correct- 
ed visual acuity, number of medications, and 
bleb formation were recorded at each follow-up 
visit. 

3-mm incision procedure—After appropriate 
local peribulbar anesthesia, a 7-0 silk episcleral 
traction suture was placed as far superiorly on 
the globe as possible. A limbal-based conjunc- 
tival flap was dissected superiorly approximate- 
ly 10 mm posterior to the corneoscleral limbus. 
Tenon’s capsule was removed under the area of 
the conjunctival flap with scissors. The area 
designated for the scleral trabeculectomy flap 
was treated with light surface cautery. A 3-mm 
diamond keratome blade set at a depth of 0.3 
mm was used to outline a rectangular trabecu- 
lectomy flap measuring 3.0 X 2.5 x 2.5 mm. 
The posterior edge of this flap was lifted and 
dissected forward into the corneoscleral limbus 
with a circular blade. A keratome was used to 
enter the anterior chamber anteriorly. The irri- 
gating cystotome was introduced, and a circular 
capsulotomy was performed beginning at the 4 
o'clock meridian and carried counterclockwise 
superiorly to the 12 o'clock meridian. After 
approximately 180 degrees of capsular tearing 
had been achieved, the flap was folded over and 
then pushed inferiorly with the cystotome. The 
continuous tear capsulotomy was thus carried 
around to the original starting point at the 4 
o'clock meridian. This left the capsular rem- 
nant floating free in the anterior chamber. De- 
spite a small pupil, a capsulotomy much larger 
than the pupil could be fashioned by using 
viscoelastic material, iris retraction, and visual 
cues. A 4.5- to 5.0-mm diameter or larger cap- 
sulotomy was desired for the silicone lens im- 
plant. Phacoemulsification with a 15- or 30- 
degree tip was used to bisect the nucleus with 
progressively deeper central sculpting while 
stabilizing the nucleus with a 5-mm spatula in 
the other hand. The sculpting was carried deep- 
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er centrally until the posterior cortex was 
reached. Sculpting continued further toward 
the 6 o'clock meridian until the lower pole of 
the nucleus was removed. Peripheral portions 
of the nucleus were then removed by burrowing 
the phacoemulsification tip into the nucleus 
and breaking away triangular segments begin- 
ning at the 4 o’clock meridian. The segments of 
nucleus were emulsified in the posterior cham- 
ber, and the nucleus was then rotated progres- 
sively clockwise with removal of the next trian- 
gular segment until the nucleus had been 
debulked to the point that it could be lifted 
through the circular capsulotomy and emulsifi- 
cation completed. The cortex was removed by 
standard irrigation and aspiration handpiece 
(with occasional use of a curved irrigation and 
aspiration handpiece of curved cannula for the 
12 o’clock cortex). The posterior capsule was 
vacuumed at a low vacuum setting. Viscoelastic 
material was injected into the anterior cham- 
ber. The silicone intraocular lens was placed 
into the injector, and the silicone sleeve was slit 
several times with a blade to allow gentle un- 
folding of the lens in the eye. At this point, the 
deep block of corneoscleral tissue was removed 
by passing the 3-mm diamond blade keratome 
into the chamber through a second perforation 
slightly posterior to the original entry. The 
diamond blade was used to remove a segment 
of deep sclera. The injector was introduced 
through the 3-mm incision, and the lens was 
slowly unfolded into the inferior capsule. Addi- 
tional viscoelastic material was injected into 
the anterior chamber to push the upper haptic 
of the intraocular lens posteriorly. A pusher 
and microiris hook manipulated the implant 
into the capsule. The irrigation and aspiration 
handpiece was used to remove the viscoelastic 
material with a circular motion in the periphery 
of the anterior chamber first. This allowed 
spontaneous rapid washout of most of the cen- 
tral portion of the viscoelastic material. A long, 
narrow, peripheral iridotomy or iridectomy was 
performed almost the entire length of the inci- 
sion. The scleral flap was closed with four to 
five 10-0 black nylon sutures. The conjunctival 
incision was sutured with a running 10-0 Pro- 
lene (or 8-0 Vicryl) with a blunt vascular—100 
needle. Balanced salt solution was injected into 
the anterior chamber with a 30-gauge cannula 
through the paracentesis to increase the pres- 
sure in the globe. Any conjunctival leaks were 
closed with additional sutures. Inferior subcon- 
junctival injection of 0.3 mg of betamethasone 
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was administered. Standard postoperative 
medications consisted of an antibiotic-cortico- 
steroid eyedrop four to six times daily. 

6-mm incision procedure—A 6-mm incision 
with a central trabeculectomy flap was used. A 
C-loop or J-loop 6-mm_ polymethylmeth- 
acrylate posterior chamber intraocular lens 
with 5-0 polypropylene haptics was used in this 
procedure. Otherwise, the technique was the 
same as the 3-mm incision procedure. 


The preoperative and postoperative care were 
the same in both groups. Surgery was per- 
formed on an outpatient basis and no hospitali- 
zation was necessary in either group. 

Patients were discharged on the operative 
day and were examined on the first postopera- 
tive day and again at the end of the first postop- 
erative week. Additional follow-up visits were 
dictated by the clinical course. The patients 
included in this study were followed up for at 
least six months after the operation. 

The topical antibiotic-corticosteroid eye- 
drops were gradually discontinued over a six- 
week period. If adequate filtration or sufficient- 
ly low intraocular pressure was not attained 
after the first four to five days, sutures were cut 
one at a time with an argon laser and a nylon 
suture cutting lens. Digital compression by the 
patient for ten seconds three times daily was 
recommended if necessary. 

Data were analyzed statistically using x’ test, 
Fisher’s exact test, and multivariate analysis of 
variance for repeated measures. 


Results 


The 3-mm phacotrabeculectomy procedure 
was performed in 104 eyes of 83 patients, and 
the 6-mm combined procedure was performed 
in 112 eyes of 77 patients. The two groups were 
similar with respect to age (mean, 75.5 years; 
range, 29 to 97 years), sex (65 men and 95 
women), and type of glaucoma (166 of 216 eyes 
[81.9%] with primary open-angle glaucoma). 
The duration of postoperative follow-up in the 
3-mm group (mean, 11.2 months; range, six to 
25 months) was shorter than in the 6-mm group 
(mean, 26.2 months; range, six to 62 months) 
(Table 1). 

The average preoperative intraocular pres- 
sure was 23 mm Hg in both groups, with 55 of 
the 104 eyes (52.8%) in the 3-mm group having 


TABLE 1 
PATIENT CHARACTERISTICS 


3-MM INCISION 6-MM INCISION 


PROCEDURE PROCEDURE TOTAL 

Number of patients 83 77 160 
Eyes 104 112 216 
Age (yrs) 

Mean 76 75 76.5 

Range 38-92 29-97 29-97 

Older than 80 years 31 30 61 
Sex (M/F) 36/47 29/48 65/95 
Follow-up (mos) 

Mean 112 26.2 18.7 

Range 6-25 6-62 6-62 
Subtypes of glaucoma 

Primary open-angle 81 96 177 

Pseudoexfoliation 13 11 24 

Pigmentary 3 0 3 

Combined mechanism 2 2 4 

Chronic angle-closure 5 1 6 

Trauma-induced 0 2 2 


intraocular pressure greater than 22 mm Hg, 
and 68 of the 112 eyes (60.7%) in the 6-mm 
group having intraocular pressure greater than 
22 mm Hg. Eleven eyes in the 3-mm group and 
five eyes in the 6-mm group had undergone 
previous laser trabeculoplasty. The average 
postoperative intraocular pressure was 16.3 
mm Hg at one day, 15.9 mm Hg at one week, 
14.3 mm Hg at six months, 15.3 mm Hg at one 
year, and 14.3 mm Hg at two years in the 3-mm 
group (Figure). 

A multivariate analysis of variance for repeat- 
ed measures was performed on the intraocular 
pressure measurements. Intraocular pressure 
of patients included in the analysis was mea- 
sured at each visit through six months. A sig- 
nificant difference was found between pre- 
operative intraocular pressure and average 
postoperative intraocular pressure (P < .001). 
There was no significant difference between 
procedure groups (P = .744). However, signifi- 
cant differences were found in the pattern ex- 
hibited between procedures over time (P = 
.012). This interaction showed that eyes in the 
6-mm procedure group had lower intraocular 
pressure initially, but eyes in the 3-mm proce- 
dure group ultimately had lower intraocular 
pressure (Table 2). At the first postoperative 
day, ten of 104 eyes (9.6%) in the 3-mm group 
and seven of 112 eyes (6.3%) in the 6-mm group 
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had intraocular pressure greater than 30 mm 
Hg. At the one-year follow-up visit, 44 of 46 
eyes (96%) in the 3-mm group and 71 of 76 eyes 
(93%) in the 6-mm group had intraocular pres- 
sure of less than or equal to 21 mm Hg (Table 3). 
The number of antiglaucoma medications be- 
fore and after surgery is shown in Table 4. A 
substantial decrease in the number of medica- 
tions after surgery occurred. Preoperatively, 96 
of 104 eyes (92.3%) in the 3-mm group required 
medication. At six months and one year postop- 


TABLE 2 
INTRAOCULAR PRESSURE CHANGE AFTER SURGERY* 


CHANGE IN 
INTRAOCULAR 
PREOPERATIVE PRESSURE (MM HG) 
INTRAOCULAR ~———___ AVERAGE 
PRESSURE DAY WEEK MONTH CHANGE FOR 
PROCEDURE (MM HG) 1 1 6 PROCEDURE 
3-mm 23.10 =7.78 -7.61 -B.95 —8.11 
incision 
(N=94) 
6-mm 23.00 —9.86 -6.74 -6.79 -7.10 
incision 
(N=97) 
Average -68.82 -7.17 —7.87 —7.95 
change at 
time 
period 


(N=191) 


*The P values were as follows: procedure, P = .744; constant, 
= ,0001; effect, P = .137; and P x E, P = .012. 
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Figure (Lyle and Jin). Intraocular pressure 
at different follow-up periods for 3-mm and 
6-mm groups. Note that the 3-mm proce- 
dure had lower intraocular pressure ulti- 
mately. 
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eratively, 82 of 104 eyes (78.8%) and 36 of 46 
eyes (78.3%) did not require medications to 
control intraocular pressure, respectively. In 
the 6-mm group, 109 of 112 eyes (96.4%) re- 
quired preoperative medication. At six months 
and one year postoperatively, 68 of 110 eyes 
(61.8%) and 44 of 76 eyes (57.9%) did not 
require medications to control intraocular pres- 
sure, respectively. There was a significant dif- 
ference regarding the medication between 
these two groups at the one-year postoperative 
period (P < .05) (Table 4). 

At the first postoperative day, 29 of 104 eyes 
(27.9%) in the 3-mm group had visual acuity of 
20/40 or better, compared to 14 of 112 eyes 
(12.5%) in the 6-mm group. There was a signifi- 
cant difference between these two groups (P < 
.01). At the six-month visit, 89 of 104 eyes 
(85.6%) in the 3-mm group had 20/40 visual 
acuity or better as compared to 87 of 112 eyes 
(77.7%) in the 6-mm group. At the 12-month 
postoperative interval, 40 of 46 eyes (87%) in 
the 3-mm group and 66 of 76 eyes (87%) in the 
6-mm group had visual acuity of 20/40 or 
better (Table 5). 

There were six eyes in the 3-mm group and 
eight eyes in the 6-mm group that retained the 
same visual acuity as preoperatively or deterio- 
rated at the final follow-up visit. The mean 
follow-up time was nine months in the 3-mm 
group and 45 months in the 6-mm group. 
Among those 14 eyes with visual acuity worse 
than 20/200, four were believed to have central 
vision involvement by advanced glaucoma pre- 
operatively, eight had age-related macular de- 
generation, one had central retinal vein occlu- 
sion, and one had cystoid macular edema. 
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TABLE 3 
INTRAOCULAR PRESSURE CONTROL AT EACH FOLLOW-UP VISIT 


—_——————eeeeee————— eee 


3-MM PROCEDURE 


6-MM PROCEDURE 





PREOPERATIVE 6 MONTH 12 MONTH 24 MONTH PREOPERATIVE 6 MONTH 12 MONTH 24 MONTH 

(N = 104) (N = 104) (N = 46) (N = 14) (N = 112) (N = 110) (N = 76) (N = 63) 

INTRAOCULAR e o e —_—_—_—_— < o e e 
PRESSURE NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) 

< 21 mm Hg 49 (47.1) 102 (98) 44 (95.6) 14 (100) 44 (39.3) 105 (95.4) 71 (93.4) 58 (92.1) 
> 22 mm Hg 55 (52.9) 2 (1.9) 2 (4.3) 0 (0.0) 68 (60.7) 5 (4.5) 5 (6.6) 5 (7.9) 


A detectable conjunctival filtering bleb was 
seen in 22 of 104 eyes (21.1%) in the 3-mm 
group and 27 of 110 eyes (24.5%) in the 6-mm 
group at the six-month visit, and in nine of 46 
eyes (19.5%) in the 3-mm group and ten of 76 
eyes (13.2%) in the 6-mm group at the 12- 
month visit. No statistical difference was noted 
between the two groups (P > .98 at six months 
and P > .30 at 12 months). 

The most frequent complication was tran- 
sient postoperative hyphema, which occurred 
in 15 of 104 eyes (14.4%) in the 3-mm group 
and 30 of 112 eyes (26.8%) in the 6-mm group. 
All spontaneously cleared within seven days 
without detrimental effect. A statistically sig- 
nificant difference was noted between the two 
groups (P = .039). Posterior capsular opacifica- 
tion that required Nd:YAG posterior capsu- 
lotomy occurred in ten eyes (9.6%) in the 3-mm 
group and 20 eyes (17.9%) in the 6-mm group 
(P = .120). Postoperative choroidal effusion 
occurred in three of 104 eyes (2.3%) in the 
3-mm group, which was significantly lower as 
compared with 13 of 113 eyes (11.6%) in the 
6-mm group (P = .029). The choroidal effusion 
was readily absorbed within three weeks in all 
patients after corticosteroid and cycloplegic 
treatment without surgical intervention. Pos- 
terior synechiae developed in four eyes in the 


6-mm group and in none of the eyes in the 
3-mm group, and cystoid macular edema oc- 
curred in one eye in the 3-mm group and four 
eyes in the 6-mm group (Table 6). 





Discussion 


The surgical treatment of cataract in patients 
with glaucoma has changed because of the 
widespread use of extracapsular extraction, 
posterior chamber intraocular lens implanta- 
tion, and trabeculectomy.’"' Recently, these 
techniques have been modified with the resur- 
gence of phacoemulsification,”'? which we 
have used in combined cataract and glaucoma 
procedures since 1984. We have performed a 
new 3-mm incision procedure using phaco- 
emulsification, foldable lens implantation, and 
trabeculectomy in our patients since 1988. 

The postoperative results of 104 eyes in the 
3-mm incision group and 112 eyes in the 6-mm 
procedure group were encouraging in compari- 
son to previous studies with planned extracap- 
sular extraction and trabeculectomy. The long- 
term intraocular pressure control was similar in 
our two groups, with mean preoperative intra- 
ocular pressure of 23 mm Hg in both groups; 


TABLE 4 
ANTIGLAUCOMA MEDICATION 





3-MM PROCEDURE 


6-MM PROCEDURE 





PREOPERATIVE 6 MONTH 12 MONTH 24 MONTH PREOPERATIVE 6 MONTH 12 MONTH 24 MONTH 
(N = 104) (N = 104) (N = 46) (N = 14) (N = 112) (N = 110) (N = 76) (N = 63) 
NO. OF — — — — — — — 
MEDICATIONS NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) 
T es bt na t EEEE Eiaa OE Sk: N A ia. bi ie, i ES i- o, Ea e ER a o 
0 8 (7.7) 82 (78.8) 36 (78.3) 8 (57.1) 4 (3.6) 68 (61.8) 44 (57.9) 30 (47.6) 
1 67 (64.4) 20 (19.2) 8 (17.4) 4 (28.6) 62 (55.4) 36 (32.7) 26 (34.2) 29 (46.0) 
2 25 (24.0) 2 (1.9) 2 (4.3) 2 (14.3) 36 (32.1) 6 (5.5) 6 (7.9) 4 (6.3) 
3 or more 4 (3.8) 0 0 0 10 (8.9) 0 0 0 
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TABLE 5 
PREOPERATIVE AND POSTOPERATIVE VISUAL ACUITY 


a naa 


3-MM PROCEDURE 6-MM PROCEDURE 


PREOPERATIVE 1 DAY 1 WEEK 6MONTHS 1YEAR 2YEARS PREOPERATIVE 1 DAY 1 WEEK 6MONTHS 1YEAR 2 YEARS 





ii (N = 104) (N = 104) (N = 100) (N= 104) (N= 46) (N= 14) (N = 112) (N = 112) (N = 103) (N= 110) (N=76) (N= 63) 

ACUITY* NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) 

20/25 0 9 (8.7) 17 (17.0) 54 (51.9) 23 (50.0) 9 (57.1) 1 (0.9) 1 (0.89) 9 (8.7) 47 (42.7) 38 (50.0) 28 (44.4) 

20/30- 21 (20.2) 20 (19.2) 35 (35.0) 35 (33.7) 17 (37.0) 5 (35.7) 11 (9.8) 13 (11.6) 29 (28.2) 40 (36.4) 28 (36.8) 28 (36.5) 
20/40 

20/50- 53 (51.0) 25 (24.0) 23 (23.0) 10 (9.6) 2 (4.3) 0 63 (56.3) 24 (21.4) 29 (28.2) 17 (15.5) 5(6.6) 6 (9.5) 
20/70 

20/80- 13 (2.5) 10(9.6) 10 (10.0) 0 1(2.2) 1(71) 17(15.2) 17 (15.2) 10 (9.7) 3(2.7) 1(1.3) 2 (3.2) 
20/100 

20/200- 14 (13.5) 36 (34.6) 13 (13.0) 5(4.8) 3(6.5) 0 16 (14.3) 34 (30.4) 17 (16.5) 3 (3.7) 3(3.9) 3 (4.8) 
CF 

HM or 3 (2.9)  4(3.8) 2(2.0) 1(0.9 0 0 4 (3.6) 23 (20.5) 9 (8.7) 4(3.6) 1(1.3) 1 (1.6) 
worse 


i 


*CF indicates counting fingers and HM indicates hand motions. 


14.3 mm Hg at six months, 15.8 mm Hg at one 
year, and 14.3 mm Hg at two years in the 3-mm 
group; and 15.8 mm Hg at six months, 17.5 mm 
Hg at one year, and 16.1 mm Hg at two years in 
the 6-mm group. These results were consistent 
with that of Murchison and Shields* (mean 
baseline intraocular pressure, 18 mm Hg; mean 
final intraocular pressure, 14.7 mm Hg), and 
McCartney and associates (mean baseline in- 
traocular pressure, 23 mm Hg; mean final intra- 
ocular pressure, 17.1 mm Hg). In the present 
study, at one year, 36 of 46 eyes (78.3%) at- 
tained intraocular pressure control (= 21 mm 
Hg) on no medication, 17.4% were controlled 


on one medication, and 4.3% had intraocular 
pressure of 22 mm Hg in the 3-mm group. In 
comparison to the 6-mm group and the study of 
McCartney and associates’ (both had 57% of 
eyes < 21 mm Hg without medication), there 
were fewer medications needed to control in- 
traocular pressure in the 3-mm group. The 
6-mm procedure had lower intraocular pres- 
sure initially, but the 3-mm procedure ulti- 
mately showed lower intraocular pressure. 
There was obvious improvement of visual 
acuity in both groups compared to the preoper- 
ative vision. At one year after surgery, 87% of 
eyes in both groups (40 of 46 eyes in the 3-mm 


TABLE 6 
COMPLICATION 
nn EEE EEE 
3-MM INCISION 6-MM PROCEDURE 
(N = 104) (N = 112) 

COMPLICATIONS NO. (%) NO. (%) DIFFERENCE 
Hyphema 15 (14.4) 30 (26.8) P = .03866 
Shallow anterior chamber 3 (2.9) 17 (15.2) = .00398 
Posterior chamber opacification 10 (9.6) 20 (17.9) = .12038 

requiring YAG posterior capsulotomy 

Choroidal detachment 3 (2.9) 13 (11.6) P = .02883 
Intraocular pressure increase (= 30 mm Hg) 10 (9.6) 7 (6.3) = 51573 
Hypotony (= 4 mm Hg) 3 (2.9) 15 (13.4) P = .01091 
Cystoid macular edema 1 (0.9) 4 (3.6) = .3709 
Posterior synechiae 0 (0) 4 (3.6) P = .123 
No complication 56 (53.8) 30 (26.8) P = .0001 
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group and 66 of 76 eyes in the 6-mm group) 
attained visual acuity of 20/40 or better. This 
finding is favorable compared to Simmons and 
associates,‘ who noted that 33 of 55 eyes (60%) 
of their patients had visual acuity of 20/40 or 
better at one year, and Murchison and Shields,” 
who found that 17 of 22 eyes (77%) of their 
patients attained visual acuity of 20/50 or bet- 
ter with a limbal-based conjunctival flap. At the 
first postoperative day, 27.9% (29 eyes) in the 
3-mm group and 12.5% (14 eyes) in the 6-mm 
group had visual acuity of 20/40 or better. 
There was a significant difference between 
these two groups (P < .01). The 3-mm incision 
procedure provided better visual acuity than 
the 6-mm incision in the early postoperative 
stage. Among the 14 patients with worse visual 
acuity, 57% (eight eyes) had age-related macu- 
lar degeneration and 28.5% (four eyes) had 
advanced glaucoma damage that existed preop- 
eratively. 

The 3-mm incision has theoretical advantag- 
es over large incision surgery including de- 
creased astigmatism, better uncorrected visual 
acuity, more rapid stabilization of refraction, 
shorter operating time, and more rapid healing. 
In our series, visual acuity on the first postoper- 
ative day was significantly better in the 3-mm 
group (with visual acuity of 20/40 or better in 
27.9% and 12.5% of eyes in each group, respec- 
tively; P < .01), and the incidence of early 
complications was much less (P < .001). Patient 
discomfort was rare, all of our patients were 
treated on an outpatient basis, and no patient 
had severe complications caused by early dis- 
charge and early activities. 

Postoperative hyphema is the most common 
complication in combined surgery. The fixed 
and immobile pupil from prolonged miotic 
therapy may result in bleeding caused by iris 
stretching and trauma during cataract extrac- 
tion.’ Bleeding can also occur from the corneo- 
scleral incision or the iris. The incidence of 
hyphema has varied in published reports. Sim- 
mons and associates’ reported a hyphema rate 
of 45%, with 71% of hyphemas occurring in 
limbal-based flaps and 30% occurring in fornix- 
based flaps. Murchison and Shields? reported 
that hyphema occurred in 28% of their patients 
after combined surgery, which is similar to the 
findings in our 6-mm group in which 30 eyes 
(26.8%) had hyphema. In the small incision 
group, however, only 15 eyes (14.4%) had hy- 
phema during the early postoperative course. 
There was a significant difference between 
these two groups (P = .039). One patient in the 


3-mm incision group developed a hyphema 
after suture cutting with the argon laser. 

The rate of posterior capsular opacification 
requiring capsulotomy was 17.9% (20 of 112 
eyes) in the 6-mm incision group, which agreed 
with previous studies,** but it was reduced in 
the small incision group with a rate of 9.6% (ten 
of 104 eyes). 

Choroidal detachments occur frequently af- 
ter glaucoma procedures during the early post- 
operative period*",'*"" when hypotony permits 
transudation of fluid across the capillary walls 
of the choroid and collects on the potential 
space between uvea and sclera. This may re- 
sult in a shallow or flat anterior chamber. Cho- 
roidal detachment occurred in six eyes (6%) 
with combined surgery in the report of McCart- 
ney and associates.’ In our series, three eyes 
(2.9%) and 13 eyes (11.6%) had choroidal de- 
tachment in the 3-mm incision group and the 
6-mm incision procedure group, respectively. 

The prevalence of shallow or flat anterior 
chamber occurring after combined surgery has 
been previously reported as being between 5% 
and 26%.°* We found a significant difference 
between the 3-mm incision group and 6-mm 
incision group (2.9% and 15.2%, respectively; 
P = .004). 

The combined procedure may benefit pa- 
tients with glaucoma and cataract by protection 
against severe early intraocular pressure in- 
crease.” Simmons and associates‘ reported that 
36% of patients had early postoperative intra- 
ocular pressure greater than 30 mm Hg and 
40% had intraocular pressure 7 mm Hg above 
their preoperative level despite combined sur- 
gery, compared to the reported incidence of up 
to 72% in patients with glaucoma undergoing 
cataract surgery alone.* McCartney and associ- 
ates" showed that 5% of their combined surgery 
patients had intraocular pressure increase of 35 
mm Hg, and Murchison and Shields’ noted 
8.5% of eyes had intraocular pressure increase 
greater than 30 mm Hg in the early postopera- 
tive period. In our study, there were ten of 104 
eyes (9.6%) and seven of 112 eyes (6.3%) that 
had intraocular pressure increase (=> 30 mm 
Hg) in the 3-mm incision group and 6-mm 
procedure group at the first postoperative day, 
respectively. The highest intraocular pressure, 
66 mm Hg, occurred in an eye that received 
intensive treatment with 20% mannitol intrave- 
nous injection and acetazolamide intravenous 
injection, and intraocular pressure decreased to 
17 mm Hg the next day and was controlled well 
afterward. 
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In our series, the presence of a detectable 
conjunctival filtering bleb postoperatively was 
favorable compared with previous studies. In 
the study of Murchison and Shields,’ only 23% 
to 24% of eyes had filtering blebs at two months 
postoperatively. Simmons and associates’ re- 
ported 12% of eyes had detectable blebs at 12 
months. In our series, 22 eyes (21.1%) in the 
3-mm incision group and 27 eyes (24.5%) in the 
6-mm incision group had detectable filtering 
blebs at six months, and nine eyes (19.6%) in 
the 3-mm group and ten eyes (13.2%) in the 
6-mm group had blebs at 12 months. 

One of the common problems with combined 
cataract and glaucoma surgery is the miotic 
pupil. In our series, we performed the tech- 
nique of circular capsulotomy with a capsular 
phacoemulsification without further modifica- 
tion. It is possible to use phacoemulsification 
on a pupil measuring 2.75 mm, but this can be 
tedious. Alternatives include multiple sphinc- 
teroiomies at the pupil, radial iridotomy with or 
without resuture of the iris, and small sector 
iridectomy. Multiple sphincterotomies can be 
done with or without viscoelastic material by 
making small incisions in the pupil in enough 
locations to dilate the pupil adequately. A radi- 
al iridotomy is carried out after first performing 
a peripheral iridectomy. The iris pillars are 
swept aside for phacoemulsification and can 
then be resutured with 10-0 polypropylene if 
desired. A small sector iridectomy is done by 
introducing viscoelastic material into the ante- 
rior chamber, followed by several applications 
of a Descemet membrane punch at the superior 
margin of the iris. This allows enlargement of 
the pupil and gives good cosmetic results post- 
operatively. 


References 


1. Rich, W.: Cataract extraction with trabeculec- 
tomy. Trans. Ophthalmol. Soc. U.K. 94:458, 1974. 

2. Murchison, J. F., Jr., and Shields, M. B.: Limbal- 
based vs fornix-based conjunctival flaps in combined 
extracapsular cataract surgery and glaucoma filtering 
procedure. Am. J. Ophthalmol. 109:709, 1990. 

3. McCartney, D. L., Memmen, J. E., Stark, W. J., 
Quigley, H. A., Maumenee, A. E., Gottsch, J. D., 


Bernitsky, D. A., and Wong, S. K.: The efficacy and 
safety of combined trabeculectomy, cataract extrac- 
tion, and intraocular lens implantation. Ophthalmol- 
ogy 95:754, 1988. 

4. Simmons, S. T., Litoff, D., Nichols, D. A., Sher- 
wood, M. B., and Spaeth, G. L.: Extracapsular cata- 
ract extraction and posterior chamber intraocular 
lens implantation combined with trabeculectomy in 
patients with glaucoma. Am. J. Ophthalmol. 
104:465, 1987. 

5. Shields, M. B.: Combined cataract extraction and 
guarded sclerectomy. Re-evaluation in the extracap- 
sular era. Ophthalmology 93:366, 1986. 

6. Spaeth, G. L., and Sivalingam, E.: The partial- 
punch. A new combined cataract-glaucoma opera- 
tion. Ophthalmic Surg. 7:53, 1976. 

7. Edwards, R. S.: Trabeculectomy combined with 
cataract extraction. A follow-up study. Br. J. Oph- 
thalmol. 64:720, 1980. 

8. Savage, J. A., Thomas, J. V., Belcher, C. D., IMI, 
and Simmons, R. J.: Extracapsular cataract extraction 
and posterior chamber intraocular lens implantation 
in glaucomatous eyes. Ophthalmology 92:1506, 
1985. 

9. Willamson, T. H., Bacon, A. S., Flanagan, D. W., 
Jakeman, C. M., and Jordon, K.: Combined extracap- 
sular cataract extraction and trabeculectomy using a 
separated corneal section. Eye 3:547, 1989. 

10. Jay, J. L.: Extracapsular lens extraction and 
posterior chamber lens insertion combined with tra- 
beculectomy. Br. J. Ophthalmol. 69:487, 1985. 

11. McGuigan, L. J. B., Gottsch, J., Stark, W. J., 
Maumenee, A. E., and Quigley, H. A.: Extracapsular 
cataract extraction with posterior chamber lens im- 
plantation in eyes with pre-existing glaucoma. Arch. 
Ophthalmol. 104:1301, 1986. 

12. Cohen, J. S.: Combined cataract implant and 
filtering surgery with 5-fluorouracil. Ophthalmic 
Surg; 21:151, 1990. 

13. Tsutomu, H., and Takako, H.: Endocapsular 
phacoemulsification and aspiration (ECPEA). Recent 
surgical technique and clinical results. Ophthalmic 
Surg. 20:469, 1989. 

14. Neumann, R., Zalish, R. N., and Oliver, M.: 
Effect of intraocular lens implantation on combined 
extracapsular cataract extraction with trabeculec- 
tomy. A comparative study. Br. J. Ophthalmol. 
72:741, 1988. 

15. Percival, S. P. B.: Glaucoma triple procedure of 
extracapsular cataract extraction, posterior chamber 
lens implantation, and trabeculectomy. Br. J. Oph- 
thalmol. 69:99, 1985. 

16. Berke, S. J., Bellows, A. B., Shingleton, B. J., 
Richter, C. U., and Hutchinson, B. T.: Chronic and 
recurrent choroidal detachment after glaucoma filter- 
ing surgery. Ophthalmology 94:154, 1987. 


i _—"#n 


Tissue Plasminogen Activator Treatment of Experimental 


Subretinal Hemorrhage 


a nt a O 


Hilel Lewis, M.D., Steven C. Resnick, M.D., John G. Flannery, Ph.D., 
and Bradley R. Straatsma, M.D. 


To determine if tissue plasminogen activa- 
tor, a clot-specific fibrinolytic agent, could 
eventually be used to assist in the clearance or 
removal of subretinal hemorrhage, we studied 
the effect of subretinal injections of tissue 
plasminogen activator, autologous blood, bal- 
anced salt solution, and the combination of 
either tissue plasminogen activator or bal- 
anced salt solution after subretinal injection 
of autologous blood on retinal morphologic 
characteristics and clearance of subretinal 
hemorrhage in the albino rabbit. No morpho- 
logic evidence of tissue plasminogen activator 
toxicity was found in the rabbit retina at a 
dose of 25 to 50 wg/0.1 ml. Subretinal hemor- 
rhage cleared faster after subretinal injection 
of tissue plasminogen activator when com- 
pared to balanced salt solution (P = .0005) but 
did not completely prevent overlying retinal 
degeneration. Both tissue plasminogen activa- 
tor and balanced salt solution were found to 
decrease the toxic effects of subretinal blood 
on the morphologic characteristics of the rab- 
bit retina, and this effect can be explained at 
least partly by dilution of the subretinal 
blood. 


S upretINAL HEMORRHAGE associated with 
retinochoroidal disease or occurring during ret- 
inal or vitreous surgery is a potentially serious 
problem that may lead to severe visual loss.! 
Currently, most patients with subretinal hem- 
orrhage do not receive any treatment. Surgical 
evacuation of the hemorrhage or clot has been 
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performed but, in most cases, has not produced 
satisfactory visual results.” The retinal damage 
from the subretinal hemorrhage may result 
from the diffusion barrier formed by the clot, 
toxicity to iron released from red blood cells, 
and from mechanical damage to the photore- 
ceptor cells caused by contraction of the clot.* 
Therefore, it is possible that this retinal damage 
could be prevented or decreased by pharmaco- 
logically dissolving the fibrin matrix within the 
clot. Purified human tissue plasminogen activa- 
tor produced by recombinant DNA technology 
is currently available for use in patients and is 
theoretically of benefit in the lysis of fibrin 
clots.”'' We studied the safety and effectiveness 
of tissue plasminogen activator in the experi- 
mental clearance of subretinal hemorrhage. 





Material and Methods 





New Zealand white rabbits were used. The 
animals were handled according to the Associa- 
tion for Research in Vision and Ophthalmology 
resolution on the use of animals, and the study 
was approved by the UCLA Animal Review 
Committee. The rabbits were anesthetized with 
intramuscular xylazine hydrochloride (5 mg / 
kg of body weight) and ketamine hydrochloride 
(35 mg/kg of body weight). Mydriasis was 
produced with 5% phenylephrine and 0.25% 
tropicamide. Topical proparacaine hydrochlor- 
ide was placed on the globes, then the recti 
muscles were isolated, and sutures were placed 
so as to be able to obtain optimal ocular mobili- 
ty. A modification of the technique used by 
Glatt and Machemer’ to inject subretinal blood 
was used. A 30-gauge needle attached to a 
tuberculin syringe was inserted through the 
sclera and choroid, and tissue plasminogen 
activator, balanced salt solution, blood, or a 
combination of these, were injected into the 
subretinal space under the medullary ray and 
under direct visual guidance of the operating 
microscope. 
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There were two experimental groups. In 
Group 1, we injected, in a masked fashion, 12 
eyes with 25 pg/0.1 ml of tissue plasminogen 
activator, 12 eyes with 50 pg/0.1 ml of tissue 
plasminogen activator, and 12 eyes with 0.1 ml 
of sterile balanced salt solution. In Group 2, 24 
eyes received a subretinal injection of autolo- 
gous blood (0.1 ml) alone, and 48 eyes received 
a subretinal injection of autologous blood (0.1 
ml), and 30 minutes later, after a subretinal clot 
had formed, we injected either 25 wg/0.1 ml of 
tissue plasminogen activator (24 eyes) or 0.1 ml 
of balanced salt solution (24 eyes) in the same 
subretinal space as the previously formed blood 
clot. The subretinal injection created a dome- 
shaped elevation measuring 3 to 5 disk diame- 
ters in area and 2 to 3 disk diameters in height. 

The recombinant tissue plasminogen activa- 
tor had an average activity of 580 IU/pg anda 
pH of 7.3. The vehicle consisted of 35 mg/ml of 
L-arginine phosphate, 10 mg/ml of phosphoric 
acid, and polysorbate 80. To prepare the drug 
for injection, tissue plasminogen activator was 
reconstituted according to the manufacturer's 
recommendations to give a concentration of 50 
mg /50 ml. This solution was then diluted four- 
fold, divided into multiple aliquots, and frozen 
at —70 C until immediately before use, when it 
was warmed at room temperature and diluted 
in sterile balanced salt solution to concentra- 
tions of 25 and 50 pg/0.1 ml. The balanced salt 
solution was sterile and did not contain calcium 
or magnesium. The autologous blood was ob- 
tained from the rabbit’s ear with a 30-gauge 
butterfly needle attached to a tuberculin sy- 
ringe. After collection, the blood was injected 
immediately into the subretinal space. The 
blood was collected and injected rapidly to 
avoid using an anticoagulant in the syringe. 

After injection, the eyes were examined daily 
with indirect ophthalmoscopy until they were 
enucleated immediately after killing the rabbit 
with 5 ml of pentobarbital sodium. In Group 1, 
four eyes of each of the three subgroups were 
enucleated at Day 1, four eyes were enucleated 
at Day 3, and the remaining four eyes were 
enucleated at Day 7 after subretinal injection. 
In Group 2, 12 eyes of each of the three sub- 
groups were followed up until the subretinal 
blood had completely cleared, and the eyes 
were then enucleated. Of the remaining 12 eyes 
of each subgroup, four eyes were enucleated at 
Day 1, four eyes at Day 3, and four eyes at 
Day 7. 

After enucleation, the anterior segment was 
removed, and the posterior eyecup was placed 


in a solution of 2.5% glutaraldehyde and 2% 
formaldehyde in 0.1 mol/l of sodium phos- 
phate buffer at pH 7.2. The aldehyde-fixed 
posterior eyecup was postfixed in 1% osmium 
tetroxide, dehydrated in a graded series of 
methanol, and embedded in Araldite resin for 
light and electron microscopy. 

For light microscopy, 1-~m sections from 
regions embedded in Araldite were stained 
with toluidine blue. The retinas were sectioned 
serially through the area where the subretinal 
tissue plasminogen activator, balanced salt so- 
lution, or blood was injected. Photomicro- 
graphs were taken at a magnification of X 25 
and X 40 with a photomicroscope. Electron mi- 
croscopy was performed on thin sections (40 
nm) stained with uranyl acetate and lead citrate 
and examined with an electron microscope. 
Indirect ophthalmoscopy and histopathologic 
studies were performed by a masked examiner. 

Time (in days) to clearance of subretinal 
blood was an outcome analyzed. Statistical 
comparisons were performed with nonpara- 
metric tests (Mann-Whitney rank-sum test, 
Wilcoxon signed-rank test), because the time 
values had a skewed distribution. 


a 


Results 


a 


Immediately after the injection of either tis- 
sue plasminogen activator, balanced salt solu- 
tion, or autologous blood, a subretinal bleb 
measuring between 3 and 5 disk diameters in 
area and 2 to 3 disk diameters in height was 
produced. 

The subretinal bleb flattened at a median of 
14 hours in eyes receiving 25 pg/0.1 ml of 
tissue plasminogen activator, 15 hours in eyes 
receiving 50 pg/0.1 ml of tissue plasminogen 
activator, and 11 hours in eyes receiving 0.1 ml 
of balanced salt solution. After enucleation, 
gross examination of the fundus disclosed a 
normal appearance with regular pigmentation 
at the level of the retinal pigment epithelium 
over the whole fundus. The optic nerve and 
retinal blood vessels appeared to be normal, 
and there was no evidence of pigment migra- 
tion into the neurosensory retina. There were 
no differences in gross morphologic character- 
istics between eyes that received different dos- 
ages of tissue plasminogen activator or between 
these eyes and the controls (balanced salt solu- 
tion). The appearance of the fundus was similar 
one, three, and seven days after subretinal 
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Fig. 1 (Lewis and associates). Electron micrograph 
one day after subretinal injection of 50 ug/0.1 ml of 
tissue plasminogen activator demonstrates well-pre- 
served photoreceptors with well-ordered outer seg- 
ments overlying the region of retinal detachment 
(x 1,200). 


injection. On light and electron microscopy, 
the retinal pigment epithelium was seen as a 
monolayer in all areas of the eye examined and 
was regular in thickness and pigmentation in 
all areas. In the region of the retinal detach- 
ment caused by subretinal injection of either 
tissue plasminogen activator or balanced salt 
solution, there was some loss of the surface 
specialization of the apical membrane of the 
retinal pigment epithelium, which has been 
described as a normal consequence of short- 
term retinal detachment.” The shape of the 
basal retinal pigment epithelium membrane ap- 
posed to Bruch’s membrane appeared unal- 
tered. Proliferative changes in the retinal pig- 
ment epithelium monolayer were not observed. 
The photoreceptors appeared normal in num- 
ber and length (Fig. 1). Ultrastructural exami- 





Fig. 2 (Lewis and associates). Electron micrograph 
one day after subretinal injection of 0.1 ml of autolo- 
gous blood shows at the edge of the subretinal clot a 
sharp transition between retina with relatively intact 
photoreceptors and a region characterized by disor- 
ganization of the photoreceptor layer (x 880). 


nation disclosed some mechanical disruption of 
the orderly stacking of the outer segment disks 
in the area of the subretinal injection, but there 
were no signs of changes in the overall packing 
density of receptors from that in the control. 
The nuclei of the photoreceptors were normal 
in appearance. Few inclusion bodies or auto- 
phagic vacuoles were noticed within the photo- 
receptors. Ultrastructural abnormalities that 
are commonly associated with drug toxicity, 
such as the presence of vesicles in place of the 
most basal disks and swollen inner segment 
mitochondria, were not seen. The subretinal 
space in the region of the injection contained 
some outer segment debris and a few erythro- 
cytes but no other cell types. Bruch’s membrane 
and the choriocapillaris were normal over all of 
the fundus. The transition to normal retinal 
pigment epithelium and photoreceptors with 
well-ordered outer segments at the edge of the 
subretinal bleb was abrupt. 

Eyes that were injected with autologous 
blood only had a subretinal bleb in which the 
clot separated into different layers with a cen- 
tral dark zone and a surrounding area of light 
red color. The subretinal blebs of the eyes that 
received autologous blood followed by either 
tissue plasminogen activator or balanced salt 
solution were larger, and in contrast to eyes 
with autologous blood only, were more homog- 
eneous with no layering seen a few hours after 
injection. 

The time to complete ophthalmoscopic clear- 
ance of subretinal blood was 20 to 32 days 
(median, 28.5 days) in eyes that received autol- 
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ogous blood only; 11 to 16 days (median, 14 
days) in eyes that received autologous blood 
and tissue plasminogen activator; and 15 to 23 
days (median, 19 days) in eyes that received 
autologous blood and balanced salt solution. 
The faster clearance of subretinal hemorrhage 
in eyes treated with either tissue plasminogen 
activator (P = .0007) or balanced salt solution 
(P = .0007) was statistically significant when 
compared to eyes injected with autologous 
blood alone (Mann-Whitney rank-sum test). 
There was also a statistically significant faster 
clearance of subretinal hemorrhage in eyes 
treated with tissue plasminogen activator (P = 
0005) when compared to those treated with 
balanced salt solution (Wilcoxon signed-rank 
test). 

Examination of the fundus by light and elec- 
tron microscopy one day after the injection of 
autologous blood alone showed the disruption 
of the photoreceptor layer to be greatest in 
regions containing uninterrupted blood and a 
high detachment of the neurosensory retina 
from the retinal pigment epithelium. At the 
edges of the clot, where the distance of separa- 
tion was not as great, numerous photoreceptors 
were intact and organized but shortened outer 
segments were present (Fig. 2). In the transition 
from attached retina to the central region of the 
clot, all photoreceptor outer segments were 
lost, and the inner segments became increas- 
ingly abnormal in appearance. As the separa- 
tion of the neural retina from the retinal pig- 
ment epithelium increased, the proportion of 
severely altered photoreceptors also increased, 
with morphologic changes to both the inner 
and outer segments. The central region of the 
clot (Fig. 3) was characterized by disordered 
photoreceptors and many pyknotic nuclei in 
the inner layers of the neurosensory retina. 
Much of the central region of the subretinal 
blood was completely devoid of photoreceptor 
cells. In these cases, the outer nuclear layer 
abutted the clot directly. There was little gliosis 
in degenerated retina, but there were regions of 
severe vacuolization and cystoid space forma- 
tion. The inner nuclear layer was intact. The 
retinal pigment epithelium was seen as a mono- 
layer in all of the eyes and was regular in 
thickness and pigmentation in all areas. 
Bruch’s membrane and the choriocapillaris 
were normal in all areas. At Day 3, Day 7, and 
after clearance of subretinal blood, the histo- 
pathologic examination demonstrated progres- 
sive degeneration of the retina with loss of 
photoreceptors in the area of subretinal injec- 
tion. 
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Fig. 3 (Lewis and associates). Electron micrograph 
of the central region of the subretinal clot three days 
after injection of 0.1 ml of autologous blood with 
profound atrophy of the photoreceptor layer, charac- 
terized by disorganization of the outer segments and 
disruption of the inner segments. The retinal pig- 
ment epithelium is irregular in thickness and highly 
vacuolized throughout (X 1,800). 


Eyes that received tissue plasminogen activa- 
tor or balanced salt solution subsequent to the 
injection of autologous blood showed less dam- 
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age to the retina at each interval when com- 
pared to eyes injected with autologous blood 
alone. In these eyes, the morphologic 
characteristics of the subretinal clot was altered 
markedly, with many identifiable single blood 
cells in a diffuse array. This contrasted with the 
appearance of a solid continuous clot, devoid of 
individual cells, which was seen in all eyes 
injected with subretinal blood alone. Photore- 
ceptors overlying regions treated with tissue 
plasminogen activator or balanced salt solution 
after injection of subretinal blood were less 
severely disorganized than cells in correspond- 
ing regions of the eye receiving autologous 
blood alone. In much of the affected retina, the 
subretinal space appeared clear, and numerous 
truncated outer segments were present. After 
clearing of the subretinal blood, the edges of 
the detached retina were characterized by the 
reappearance of photoreceptor outer segments 
and reestablishment of the normal level be- 
tween the neural retina and the apical mem- 
brane of the retinal pigment epithelium. The 
eyes receiving subretinal blood and tissue plas- 
minogen activator or balanced salt solution 
generally sustained less degenerative change in 
retinal appearance than those with blood alone 
and retained substantial numbers of photore- 
ceptors that had well-organized outer segments 
(Fig. 4). In these eyes, the retinal pigment 
epithelium also was observed to retain a normal 
appearance (Fig. 5). There were no significant 
morphologic differences between eyes with 
subretinal hemorrhage treated with tissue plas- 
minogen activator and those treated with bal- 
anced salt solution. 





Discussion 





Subretinal hemorrhages can occur from many 
causes, including choroidal neovascularization 
from degenerative, infectious, dystrophic, in- 
flammatory, traumatic, iatrogenic, and idio- 
pathic conditions; and complications from sur- 
gical procedures, such as scleral buckling, 
endodrainage retinotomies, and photocoagula- 
tion. Evidence suggests that subretinal blood 
causes irreversible damage to the retina and is 
associated with poor visual function if it in- 
volves the fovea.’ Prognostic features for visual 
outcome include the cause of the subretinal 
hemorrhage, as well as its location and thick- 
ness.' Bennet, Blodi, and Folk! showed that 
patients with subretinal hemorrhage caused by 
age-related macular degeneration have a worse 











Fig. 4 (Lewis and associates). Electron micrograph 
of an eye seven days after injection of subretinal 
autologous blood (0.1 ml) followed by tissue plas- 
minogen activator (25 pg/0.1 ml). Photoreceptors 
with well-ordered outer segments are seen overlying 
the area of retinal separation. 


visual prognosis than those with hemorrhage 
from other causes. They also found that pa- 
tients with thick hemorrhage have a significant- 
ly poorer final visual acuity than patients with 
thin hemorrhage. Although some patients with 
subretinal hemorrhage have a good visual prog- 
nosis (that is, those with a thin layer of subreti- 
nal blood or those caused by choroidal rup- 
ture), the visual prognosis for most eyes with a 
subretinal hemorrhage is poor with an average 
final visual acuity of 20/500 after three years.’ 

Recent advances in vitreoretinal surgical 
techniques have made it possible to evacuate 
subretinal hemorrhage, and cases have been 
reported in which surgery to drain a subretinal 
hemorrhage under the macula was performed 
in an attempt to improve visual acuity.” 
Moreover, it has been suggested that prompt 
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Fig. 5 (Lewis and associates). Electron micrograph 
of an eye seven days after injection of subretinal 
autologous blood (0.1 ml) followed by tissue plas- 
minogen activator (25 pg/0.1 ml). The retinal pig- 
ment epithelium appears normal in all regions below 
the injection. A large lipid droplet characteristic of 
the normal retinal pigment epithelium is observed in 
the center of the figure. Numerous intact erythro- 
cytes are observed in the subretimal space (X 1,800). 


drainage of extensive subretinal hemorrhage 
may be beneficial in preventing retinal damage. 
To remove a subretinal hemorrhage, a cannulat- 
ed subretinal fluid aspirator or an extrusion 
needle is passed through a pre-existing retinal 
break or a drainage retinotomy and into the 
subretinal space under the macular region.” 
Subretinal hemorrhages that are not clotted are 
frequently removed completely without me- 
chanically damaging the overlying retina. In 
most cases, however, the subretinal hemor- 
rhage is clotted, and the clot is tightly adherent 
to the neurosensory retina, retinal pigment 
epithelium, or choroid. Although a clot can be 





removed occasionally with a subretinal fluid 
aspirator, more often forceps are required, but 
even then the clot is frequently removed incom- 
pletely. Significant mechanical damage to the 
outer retina with shearing of the photorecep- 
tors can occur while removing a subretinal clot. 
If the source of the subretinal hemorrhage is the 
choroid, clot removal can also cause further 
hemorrhage." Other possible risks of clot re- 
moval include enlargement of the retinal break 
or drainage retinotomy with enlargement of the 
visual field defect and possible hemorrhage.” 

An alternative approach to clear or assist in 
the surgical removal of subretinal hemorrhage 
is lysis of the fibrin clot within the subretinal 
space. Purified human tissue plasminogen acti- 
vator produced by recombinant DNA technolo- 
gy is a clot-specific fibrinolytic agent that is 
currently available for use in patients. It has 
been shown to be effective in the clearance of 
postvitrectomy fibrin deposition, in the rapid 
resolution of experimental hyphema, in the 
resolution of experimentally induced retinal 
vascular occlusions, and in the clearing of 
experimentally produced vitreous hemor- 
rhage.°U16" 

Tissue plasminogen activator is one of two 
kinds of plasminogen activators naturally oc- 
curring in many tissues in the body, particular- 
ly the blood. The regulation of tissue plasmino- 
gen activator is complex. Endothelial cells are 
able to release a preliminary type single chain, 
which when cleaved to tissue plasminogen acti- 
vator is fibrin-selective and forms strong bonds 
with fibrin. Fibrin is the main component of a 
blood clot. The complex of tissue plasminogen 
activator and fibrin activates plasminogen into 
plasmin by hydrolyzing the arginine-valine 
bond of plasminogen. Plasmin, in turn, lyses 
fibrin, fibrinogen, and other procoagulant pro- 
teins, such as factors V, VIII, and XII, into 
soluble degradation products. The solubiliza- 
tion of fibrin destabilizes the clot and leads to 
the breakdown of the blood clot.” 

Tissue plasminogen activator has advantages 
over other thrombolytic agents, such as strepto- 
kinase and urokinase, in that its activity is not 
only greatly enhanced in the presence of a 
fibrin clot, but the combination of fibrin, tissue 
plasminogen activator, and plasminogen forms 
a complex that sequesters the fibrinolytic reac- 
tion.'*'® Tissue plasminogen activator is thus a 
fibrin-specific and therefore a clot-selective 
drug. Also, urokinase and streptokinase have 
been shown to cause a large inflammatory re- 
sponse in the eye when used for vitreous hem- 
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orrhage and hyphema, and urokinase has been 
found to be toxic to the retina in high concen- 
trations.” 

Because of these reasons, tissue plasminogen 
activator is the most logical adjuvant to assist in 
cases where lysis of the subretinal blood clot is 
desired. We were interested not only in deter- 
mining the efficacy of tissue plasminogen acti- 
vator in clearing experimental subretinal hem- 
orrhages, but we were also concerned with the 
possibility of retinal toxicity. A recent study 
showed that doses greater than 50 wg of tissue 
plasminogen activator injected intravitreally 
are toxic to the retina, and that the vehicle 
rather than the enzyme itself appears to be the 
toxic factor.” In contrast, clinical experience as 
well as other animal studies have shown that 25 
ug of tissue plasminogen activator injected into 
the anterior chamber or vitreous cavity is not 
toxic to the retina.’ Thus, it appears that 
there is a narrow margin of safety. Despite our 
injection into a smaller space as well as the 
direct contact between the tissue plasminogen 
activator and the photoreceptors, we did not 
find any morphologic toxic effect on the rabbit 
retina when tissue plasminogen activator was 
injected in the subretinal space at a dose of 
either 25 or 50 wg/0.1 ml. Additionally, there 
were no signs of inflammation, and the retina 
reattached without visible abnormalities. Since 
previous studies have shown that in the pres- 
ence of fibrin the half life of intravitreal tissue 
plasminogen activator is doubled,” it is possi- 
ble that the large amount of fibrin present in the 
subretinal clot decreased the amount of free 
tissue plasminogen activator available to cause 
toxic damage to the retina. 

Our results indicate that the subretinal injec- 
tion of 25 wg of tissue plasminogen activator is 
effective in accelerating the clearance of experi- 
mental subretinal hemorrhage when compared 
to either the natural course of experimental 
subretinal hemorrhage or the control. Our 
study also confirms the findings of Glatt and 
Machemer’ of irreversible retinal damage with- 
in a day of a subretinal hemorrhage involving 
the macular region. Importantly, tissue plas- 
minogen activator was found to decrease the 
damage to the overlying retina caused by the 
subretinal blood. Although we found that tis- 
sue plasminogen activator significantly acceler- 
ates the clearance of subretinal blood when 
compared to balanced salt solution, there were 
no differences in the morphologic appearance 
of the retina after the injection of either of them 
for the treatment of experimentally produced 


subretinal hemorrhage. This beneficial effect of 
both tissue plasminogen activator and balanced 
salt solution can probably be explained by the 
dilution of toxic factors released by the lysed 
blood cells, in consort with a reduction of the 
barrier to metabolic exchange posed by a con- 
tiguous blood clot in the subretinal] or interpho- 
toreceptor space. 

Our results indicate that tissue plasminogen 
activator is safe and effective in promoting the 
clearance of experimentally produced subreti- 
nal hemorrhage. Although tissue plasminogen 
activator reduced the retinal damage caused by 
subretinal blood, a similar effect was observed 
with balanced salt solution, and neither of 
them prevented damage to the overlying retina 
completely. Further studies should evaluate the 
early intraoperative lysis of subretinal hemor- 
rhage followed by surgical drainage of the un- 
clotted blood. 
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OPHTHALMIC MINIATURE 

She had intended to say, “Whose boy are you?” but she said nothing, her 
mouth opening on a vanished sentence. His eyes as they turned and looked 
down at her were the color of the lake just before dark when the last 
daylight has faded and the moon has not risen yet, and for an instant she 
thought she saw something fleeing across the surface of them, a lost light 

that came from nowhere and vanished into nothing. 
Flannery O'Connor, The Violent Bear It Away 
New York, Farrar, Straus & Cudahy, 1955, p. 156 





The Prevalence of Retinal Vascular Abnormalities in 


Children and Adolescents With Essential Hypertension 





Stephen R. Daniels, M.D., Matthew J. Lipman, M.D., Miles J. Burke, M.D., 
and Jennifer M. H. Loggie, M.D. 


We studied 97 children and adolescents 
with essential hypertension by evaluating 
photographs of the optic fundus and fluores- 
cein angiography. Photographs were exam- 
ined for the presence of arteriolar narrowing, 
tortuosity, and arteriovenous nicking. Intra- 
observer and interobserver variability in de- 
termination of abnormalities was low with 
agreement of 75% for narrowing, 90% for tor- 
tuosity, and 100% for arteriovenous nicking. 
The prevalence of abnormalities was 41% (95% 
confidence interval, 31% to 50%) for arteriolar 
narrowing, 14% (95% confidence interval, 19% 
to 21%) for tortuosity, and 8% (95% confidence 
interval, 5% to 11%) for arteriovenous nicking. 
Of 97 patients, 50 (51%) had one or more 
abnormality. Retinal abnormalities are rela- 
tively common in young patients with essen- 
tial hypertension. 


Tu association between increased systemic 
blood pressure and hypertensive retinopathy 
has been known since the early 1900s. In 1939, 
Keith, Wagener, and Barker’ were able to asso- 
ciate different grades of retinopathy with the 
prognosis of patients with hypertension. Al- 
though their findings dealt mostly with more 
severe forms of hypertension, subsequently 
Walsh” described the retinal vascular changes 
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with less severe blood pressure increase in 
adults. Few studies have examined retinopathy 
in pediatric patients with hypertension. We 
investigated the prevalence of retinal vascular 
abnormalities in a population of children and 
adolescents with essential hypertension. 


Patients and Methods 


We examined 97 children, aged 6 to 23 years, 
with systolic or diastolic blood pressure persis- 
tently greater than the 90th percentile for age 
and sex.’ The subjects were patients in the 
Hypertension Clinic at the Children’s Hospital 
Medical Center, Cincinnati, Ohio. Secondary 
causes of increased blood pressure were ruled 
out by standard clinical and laboratory exami- 
nation. This study was approved by the Institu- 
tional Review Board for Research on Human 
Subjects of the Children’s Hospital Medical 
Center. 

After informed consent was obtained, oph- 
thalmoscopic examination with photographs of 
the optic fundus and fluorescein angiography 
were performed by one of us (M.J.L.) according 
to the standard protocol of the clinical ophthal- 
mology laboratory of the University of Cincin- 
nati Hospital. Mydriatic ophthalmic eyedrops 
were administered to the subjects before exami- 
nation. After dilation of the pupils, stereobio- 
microscopy and indirect ophthalmoscopic ex- 
amination were performed. Color and red-free 
retinal photographs were taken, followed by 
fluorescein angiography. The photographs of 
the optic fundus were examined for the pres- 
ence of arteriolar narrowing, arteriovenous 
nicking, vascular tortuosity, exudates, and 
hemorrhages. The angiograms were examined 
for alterations of the permeability of the vascu- 
lar bed. Arteriolar narrowing was defined as 
generalized narrowing of the arteriole when 
compared to the vein at an equivalent number 
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Fig. 1 (Daniels and associates). The mildest degree 
of arteriolar narrowing required to be considered 
abnormal. 


of bifurcations. To be considered abnormal, it 
was required that narrowing be present in at 
least two of the four quadrants (Fig. 1). Tortuos- 
ity was defined as three or more inflections of 
an artery or vein in the superotemporal or 
inferotemporal quadrants within 4 disk diame- 
ters of the optic disk. Arteriovenous nicking 
was present when any arteriovenous crossing 
abnormalities were present within 4 disk diam- 
eters around the optic disk. Arteriovenous 
crossings were evaluated for changes in the 
course of the vein, hiding of the venous blood 
column, and changes of color and size in the 
vein distal to the crossing. 

Reproducibility in determination of abnor- 
malities in photographs of the optic fundus was 
assessed by independent readings by two of us 
(M.J.L., M.J.B.). Twenty fundus photographs 
were assigned numbers and interpreted in a 
group by each of the two observers. Each ob- 
server read each photograph twice at separate 
sittings one week apart. The numbering was 
changed between readings so that the observers 
were unaware of the identity of the photograph 
or the previous interpretation. The reproduci- 
bility of detection of abnormalities was quanti- 
tated separately for arteriolar narrowing, tortu- 
osity, and arteriovenous nicking by calculating 
the percent agreement and the kappa statistic’ 
for repeated readings by a single observer and 
by separate observers. 

Variables are presented as mean values + 
standard deviation. The point prevalence was 
calculated for each of the retinal vascular ab- 


Fig. 2 (Daniels and associates). Retinal vascular 
abnormalities associated with hypertension, includ- 
ing arteriolar narrowing, vascular tortuosity, and 
arteriovenous crossing changes. 


normalities. A test-based 95% confidence inter- 
val was calculated for each prevalence. 

The Student’s t-test (for continuous varia- 
bles) and chi-square analysis (for categorical 
variables) were used to determine if there were 
significant differences in age, race, sex, level of 
blood pressure, and duration of hypertension 
between patients with and without retinal vas- 
cular abnormalities. A level of P < .05 was used 
to determine statistical significance. 


Results 


The reproducibility for determination of reti- 
nal vascular abnormality was good both for a 
single observer making repeated measurements 
and for two observers. The within-observer 
reliability was 75% agreement for arteriolar 
narrowing (kappa = 0.50), 90% agreement for 
tortuosity (kappa = 0.81), and 100% agreement 
for arteriovenous nicking (kappa = 1.00). The 
between-observer reliability was 85% agree- 
ment for arteriolar narrowing (kappa = 0.57), 
85% agreement for tortuosity (kappa = 0.60), 
and 100% agreement for arteriovenous nicking 
(kappa = 1.00). 

Of the 97 patients, 48 were black and 49 were 
white. There were 24 females and 73 males. The 
average age of the patients was 14.7 + 3.5 
years. The average height was 165.2 + 13.7 cm, 
and the average weight was 70.4 + 20.5 kg. The 
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TABLE 
PREVALENCE OF RETINAL VASCULAR ABNORMALITY BY RACE AND SEX 


—_e—————————— eee 


ABNORMALITY BLACK FEMALES (12) BLACK MALES (36) WHITE FEMALES (12) WHITE MALES (37) TOTAL (97) 
Arteriolar narrowing 6 14 4 16 40 
Prevalence 0.50 0.39 0.33 0.43 0.41 
95% C.l. (0.22, 0.78) (0.23, 0.55) (0.06, 0.80) (0.27, 0.59) (0.31, 0.51) 
Tortuosity 3 4 1 6 14 
Prevalence 0.25 0.11 0.08 0.16 0.14 
95% C.l. (0.01, 0.49) (0.00, 0.22) (0.00, 0.23) (0.04, 0.28) (0.07, 0.21) 
Arteriovenous nicking 0 5 0 3 8 
Prevalence 0.00 0.14 0.00 0.08 0.08 
95% C.l. (0.00, 0.06) (0.03, 0.25) (0.00, 0.06) (0.00, 0.17) (0.05, 0.11) 
Any abnormality 7 17 4 21 50 
Prevalence 0.58 0.47 0.33 0.57 0.51 
95% C.l. (0.30, 0.86) (0.32, 0.63) (0.06, 0.60) (0.41, 0.73) (0.41, 0.61) 


S 


average duration of hypertension was 30.3 + 
31.1 months. Twenty-nine patients were taking 
antihypertensive medications and 68 were not 
taking medications. 

Figure 2 presents a representative photo- 
graph of the optic fundus demonstrating arteri- 
olar narrowing, tortuosity, and arteriovenous 
nicking. Of the 97 patients who had photo- 
graphs taken of the optic fundus, 40 (41%; 95% 
confidence interval, 0.31% to 0.51%) had arte- 
riolar narrowing, 14 (14%; 95% confidence in- 
terval, 0.07% to 0.21%) had tortuosity, and 
eight (8%; 95% confidence interval, 0.05% to 
0.11%) had arteriovenous nicking. Six patients 
had both narrowing and tortuosity, two had 
both tortuosity and arteriovenous nicking, and 
one had all three abnormalities. Fluorescein 
angiography did not add information to that 
determined from the fundus photographs. 

When the retinal vascular abnormalities are 
combined, 50 of 97 patients (51%; 95% confi- 
dence interval, 0.41% to 0.61%) had one or 
more abnormality. The prevalence of abnor- 
mality is presented by race and sex in the Table. 
There were no statistically significant differenc- 
es in prevalence between the race and sex 
groups. There was also no statistically signifi- 
cant relationship between the level of systolic 
or diastolic blood pressure at the time of the 
study and the presence of retinopathy. Patients 
with retinal vascular abnormalities were signif- 
icantly younger (13.9 compared with 15.6 
years, P = .013) than patients without retinopa- 
thy. There was no significant difference in the 


known duration of hypertension between pa- 
tients with and without abnormalities of the 
retinal vasculature. 


Discussion 


The reproducibility in the evaluation of reti- 
nal vascular abnormalities was reasonably 
good in this study, both for a single observer 
making repeated observations and between two 
observers. Kagan and associates’ reported the 
results of three studies conducted by the World 
Health Organization on adults. They found that 
ophthalmologists were in general equal in pre- 
cision to cardiologists and other physicians in 
evaluating photographs of the optic fundus. 
They reported intraobserver agreement ranging 
from 67% to 85% for generalized arteriolar 
narrowing, from 73% to 86% for irregularity in 
caliber or localized narrowing, and from 74% to 
79% for changes at the arteriovenous crossing. 
Interobserver agreement ranged from 58% to 
81% for generalized narrowing, from 63% to 
80% for localized narrowing, and from 57% 
to 77% for changes at the arteriovenous cross- 
ing. The reliability was similar for routine oph- 
thalmic examination, black-and-white photo- 
graphs, or color slides. Our investigation 
demonstrated better reliability than that re- 
ported by Kagan and associates.’ These results 
indicate that the determination of retinal ab- 
normalities from photographs of the optic fun- 
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dus by skilled observers may be useful for study 
of the pediatric population. 

Our findings suggest that early retinal vascu- 
lar abnormalities are relatively common in pe- 
diatric patients. Van Buchem, Henvel-Aghina, 
and Henvel? found a prevalence of 6.2% for 
diffuse narrowing of the arterioles in adults 
aged 40 to 60 years with normal blood pressure. 
The prevalence for men with mild to moderate 
hypertension (systolic, 141 to 159 mm Hg; dia- 
stolic, 91 to 109 mm Hg) was 15.8%, and the 
prevalence for men with more severe hyperten- 
sion (systolic, greater than 160 mm Hg; diastol- 
ic, greater than 110 mm Hg) was 30%. In that 
study, men with mild to moderate hypertension 
had a prevalence of changes at the arteriove- 
nous crossings of 32.1%, whereas men with 
more severe hypertension had a prevalence of 
35.3%. The prevalence of arteriovenous cross- 
ing changes increased with age. There was no 
relationship between age and diffuse arteriolar 
narrowing in the patients with hypertension." 
The prevalence of markedly narrowed arteri- 
oles, however, was found to be a predictor of 
increased blood pressure in young subjects but 
not in older subjects. 

Svardsrudd and associates’ found that the 
frequency of arteriolar narrowing and arterio- 
venous crossing changes increased with higher 
systolic blood pressure in a sample of men 50 
years of age. The prevalence of the abnormali- 
ties observed ranged from 40% at a systolic 
blood pressure of 140 mm Hg to 90% in pa- 
tients with systolic blood pressure 190 mm Hg 
or greater. Comparable results were obtained 
for diastolic blood pressure with ocular 
findings more common at higher levels of pres- 
sure. 

The finding in our study that patients with 
retinal vascular abnormalities were younger 
than those without abnormalities remains un- 
explained. Little is known about the timing and 
pathophysiologic characteristics of these ab- 
normalities in children. Skalina and associates” 
have investigated the prevalence of ophthalmo- 
scopic abnormalities in newborn infants with 
secondary hypertension. They found that 11 of 
21 infants (52.3%) had one or more retinal 
vascular abnormality. This included a spectrum 
of abnormalities. All 11 patients had arteriolar 
narrowing, and three had abnormal tortuosity 
and nicking of the retinal vessels. They also 


described four infants with splinter hemorrhag- 
es, two with deeper blot-shaped hemorrhages, 
and two with retinal exudate. These findings, 
however, may not be relevant to older patient 
populations. For example, it is known that there 
are differences between premature infants and 
older individuals with respect to vascular fra- 
gility and response of blood vessels to in- 
creased blood pressure. None of our patients 
had evidence of retinal hemorrhage or exudate. 

The prevalence of retinal vascular abnormali- 
ties observed in our pediatric population is 
similar to that in adults. The clinical signifi- 
cance of these findings, however, remains un- 
known. The observed changes are mild and had 
no effect on vision. Further longitudinal studies 
will be necessary to determine how these reti- 
nal vascular lesions progress over time in juve- 
niles with essential hypertension and whether 
the abnormalities are of prognostic importance. 
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Visual Recovery in Patients With Optic Neuritis and 


Visual Loss to No Light Perception 





Thomas L. Slamovits, M.D., Carl E. Rosen, M.D., Kenneth P. Cheng, M.D., 
and Gerald G. Striph, M.D. 


We reviewed the records of 151 patients with 
optic neuritis examined over an eight-year 
period. Of these patients, 12 developed visual 
acuity of no light perception during the first 
episode of optic neuritis in the affected eye. 
Eight of the 12 patients recovered visual acu- 
ity of 20/40 or better. Of these, five patients 
had visual acuity of 20/20 or better, one had 
visual acuity of 20/25, one had visual acuity of 
20/30, and one had visual acuity of 20/40. Four 
of the 12 patients recovered peripheral visual 
fields but had dense central scotomas and 
visual acuity of less than 20/400. Dyschroma- 
topsia persisted after visual recovery in 11 of 
12 patients. 


Userut visuat recovery after the first episode 
of optic neuritis is the rule with improvement of 
visual acuity to 20/40 or better in 85% or more 
of patients.’’’ It is not clear whether there is a 
similarly favorable prognosis for the subset of 
patients with optic neuritis with acute visual 
loss to no light perception. We studied 12 pa- 
tients who developed visual acuity of no light 
perception during the first episode of optic 
neuritis in the affected eye. 
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Patients and Methods 


We reviewed the records of 151 patients with 
optic neuritis, examined over an eight-year per- 
iod, and found 15 patients who had acute visual 
loss to no light perception. Three patients were 
excluded either because previous episodes of 
optic neuritis were documented in the affected 
eye or because the patient’s claim of no light 
perception visual acuity could not be substanti- 
ated reliably. The diagnosis of optic neuritis 
was made by accepted clinical standards.®®14 
Criteria for inclusion were the following: rapid 
onset of visual acuity loss to no light perception 
(over days); optic neuritis as the initial or only 
episode of visual loss in the acutely affected 
eye(s); swollen or normal optic nerve head on 
the affected side(s); absence of retinal lesions 
that might account for the visual deficit; and no 
history of congenital, toxic, infective, vascular, 
metabolic, or neoplastic etiologic factors that 
might confound diagnosis. 

All patients had a complete ophthalmic ex- 
amination by one of us (T.L.S.), which included 
a history, best-corrected visual acuity (Snellen 
charts, counting fingers, hand motions, or light 
perception), color vision testing with Ishihara 
plates, pupillary assessment, external and slit- 
lamp examination, applanation tonometry, and 
fundus examination with a dilated pupil. Sub- 
jective responses to pain on extraocular move- 
ments, red desaturation, and brightness desat- 
uration were recorded. All patients also had 
visual field testing performed by certified oph- 
thalmic technicians and thorough neurologic 
examinations performed by a neurologist. 

Laboratory tests included blood cell count 
with differential, serum electrolytes, blood 
urea nitrogen, creatinine, glucose, urinalysis, 
rapid plasma reagin, VDRL, and fluorescent 
treponemal antibody absorption. Additionally, 
testing for autoimmune disease (erythrocyte 
sedimentation rate, antinuclear antibody, se- 
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rum complement, serum protein electrophore- 
sis, rheumatoid factor, and lupus erythema- 
tosus preparations) and lumbar puncture 
(routine studies, oligoclonal banding, and mye- 
lin basic protein) were done when clinically 
indicated. Computed tomography of the head 
and orbits was performed on nine patients. Five 
of these patients also had magnetic resonance 
imaging studies. 

Patients were told of the risks and possible 
benefits of corticosteroid therapy and that the 
effect of treatment on final visual outcome was 
not established. All received corticosteroid 
preparations either slightly before or shortly 
after visual acuity progressed to no light per- 
ception. 

Repeat neuro-ophthalmic examinations were 
performed at frequent intervals as indicated by 
the patient's clinical course. All patients were 
followed up until visual acuity stabilized or 
recovery was considered complete. Duration of 
follow-up ranged from six to 87 months (mean, 
21.2 months). 


Results 


Seven patients were female and five patients 
were male, ranging in age from 6 to 36 years. 
Three patients were younger than 18 years of 
age (Table). 

The interval between onset of visual symp- 
toms and the development of visual acuity of no 
light perception ranged from one to seven days, 
and the duration ranged from three to 14 days 
(Table). Acute visual loss to no light perception 
was unilateral in 11 patients (Cases 1 through 8 
and 10 through 12) and simultaneously bilater- 
al in one patient (Case 9). Bilateral simultane- 
ous optic neuritis occurred in one patient (Case 
10) who had unilateral visual acuity of no light 
perception. 

Within two weeks, 11 of 12 patients showed 
improvement in visual acuity from no light 
perception, ranging from hand motions to 20/ 
30. Seven patients (Cases 1, 3, 4, 8, 9, 10, and 
12) recovered visual acuity of 20/40 or better 
within three months. Overall, eight of the 12 
patients recovered visual acuity of 20/40 or 
better in the affected eye when last examined 
(five patients recovered visual acuity to 20/20 
or better, one to 20/25, one to 20/30, and one 
to 20/40). Four patients (Cases 2, 5, 6, and 7) 
had visual acuity of counting fingers at the last 
examination (Table). 


Follow-up visual field testing was performed 
in all 12 patients (Table). Four patients (Cases 
2, 5, 6, and 7) had dense central scotomas 
involving the central 10 to 20 degrees at 34, 12, 
22, and 12 months, respectively. One patient 
(Case 12) had a subtle central defect at three 
months, which fully recovered at five months. 
Two patients (Cases 1 and 11) had arcuate 
scotomas to the I;, isopter on Goldmann perim- 
etry at 13 and 16 months, respectively. Four 
patients (Cases 4, 8, 9, and 10) had normal 
visual fields at follow-up. 

Seven of the eight patients without previous 
or subsequent episodes of optic neuritis had 
unilateral visual acuity loss to no light percep- 
tion (Cases 1 through 4, 6, 7, and 12). One 
patient (Case 4) recovered visual acuity of 20/ 
20 without a residual relative afferent pupillary 
defect. Of the six remaining patients with resid- 
ual relative afferent pupillary defects three 
(Cases 1, 3, and 12) had return of visual acuity 
to 20/30 or better and had only slight residual 
relative afferent pupillary defects. The other 
three patients (Cases 2, 6, and 7) recovered 
visual acuity to counting fingers; these patients 
had obvious residual relative afferent pupillary 
defects. One patient (Case 9) had simultaneous 
bilateral visual acuity loss to no light percep- 
tion and recovered visual acuity of 20/20 bilat- 
erally without a residual relative afferent pupi- 
llary defect. 

The remaining four patients had previous or 
subsequent episodes of optic neuritis in one or 
both eyes. Two patients (Cases 5 and 8) had one 
previous episode of optic neuritis each in the 
fellow eye. Two patients (Cases 10 and 11) had 
subsequent episodes of optic neuritis in both 
eyes. One patient (Case 8) recovered normal 
visual acuity, brisk pupillary responses bilater- 
ally, and did not have any relative afferent 
pupillary defect. Three patients (Cases 5, 10, 
and 11) were left with bilaterally sluggish direct 
pupillary responses and either no relative affer- 
ent pupillary defect or a subtle relative afferent 
pupillary defect on the side with the more 
profound visual acuity or field loss. 

Six of the eight patients with optic neuritis 
and visual acuity of no light perception (Cases 
2, 3, 4, 6, 7, and 12) without previous or 
subsequent episodes of optic neuritis contin- 
ued to report subjective red desaturation in 
their affected eye as compared to their unaffect- 
ed eye. One patient (Case 1) did not note 
subjective red desaturation; however, this pa- 
tient was only able to identify five of 12 Ishi- 
hara color plates correctly with the affected eye. 
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TABLE 
VISUAL VARIABLES IN PATIENTS WITH OPTIC NEURITIS AND VISUAL LOSS TO NO LIGHT PERCEPTION* 


a 


VISUAL ACUITY FOLLOW-UP VISUAL FIELD 
CASE NO. ONSET DURATION ———————————_ PERIOD SCOTOMA AT DIAGNOSIS AT 
AGE (yrs), SEX TO NLP (pays) OF NLP (pays) 2WEEKS 3MONTHS LAST EXAMINATION (MOS) LAST EXAMINATION LAST EXAMINATION 
1, 10, F 4 3 CF 4ft 20/40 20/25 13 12c isopter Optic neuritis 
2, 36, F 6 7 HM CF 4 ft CF 4 ft 34 Central 10 Probable multiple 
degrees sclerosis 
3, 26, F 1 12 CF 2ft 20/30 20/20 10 — Multiple 
sclerosis 
4, 16, F 3 5 CF 6ft 20/20 20/20 6 Full Optic neuritis 
5, 34, M 2 13 HM CF 8 ft CF 6 ft 12 Central 20 Multiple 
degrees sclerosis 
6, 31, F 3 7 HM CF 8 ft CF 6 ft 22 Central 10 Optic neuritis 
degrees 
7, 30, F 6 5 CF CF 3 ft CF 3 ft 12 Central 20 Multiple 
degrees sclerosis 
8, 28, M 6 4 20/200 20/25 20/15 16 Full Multiple 
sclerosis 
9, 17, Ft 7 10 HM 20/25 20/20 10 Full Probable lupus 
erythematosus 
10, 6, M 5 4 CF 2ft 20/30 20/30 87 Full Optic neuritis 
11, 32, F 4 14 NLP 20/100 20/40 16 2c isopter Probable lupus 
erythematosus 
12, 29, M 3 3 20/30 20/30 20/20 16 Full Optic neuritis 





*HM indicates hand motions; CF indicates counting fingers; and NLP indicates no light perception. 
tPatient 9 had simultaneous bilateral visual acuity loss to no light perception with full recovery of visual acuity and visual field 


in both eyes. 


Only three patients (Cases 4, 8, and 9) recov- 
ered visual acuity sufficiently to identify all 
Ishihara color plates correctly; all three had 
visual acuity of 20/20 or better. Two of these 
patients (Cases 4 and 8) continued to report 
subjective red desaturation. Three patients 
(Cases 2, 5, and 7) were unable to identify any 
Ishihara color plates correctly and all demon- 
strated dense central scotomas with visual acu- 
ity of counting fingers. 

At initial manifestation, multiple sclerosis 
was diagnosed in one patient (Case 5), and 
based on neurological examination and clinical 
symptomatology multiple sclerosis was sus- 
pected in five patients (Cases 2, 3, 7, 8, and 9; 
Table). Three of these five patients developed 
definite multiple sclerosis over the follow-up 
period (Cases 3, 7, and 8). Although two pa- 
tients (Cases 9 and 11) were not given definitive 
diagnoses, seropositive systemic lupus ery- 
thematosus and seronegative systemic lupus 
erythematosus were suspected, respectively. 
Five patients continued to have the diagnosis of 
idiopathic optic neuritis (Cases 1, 4, 6, 10, and 
12; Table) over the entire follow-up period. 


One patient (Case 5) had a previous episode 
of optic neuritis with visual acuity of no light 
perception in the fellow eye two years before 
this episode, which had left him with a dense 
central scotoma and visual acuity of counting 
fingers. One patient (Case 8) had an episode of 
optic neuritis with visual acuity loss to no light 
perception in the fellow eye six years before 
this episode with recovery of visual acuity to 
20/15. One patient (Case 10) had five subse- 
quent recurrences of optic neuritis, twice in the 
affected eye and three times in the fellow eye. 
During the second recurrence in the fellow eye, 
visual acuity decreased to no light perception. 
On all occasions, visual acuity returned to 20/ 
30. One patient (Case 11), three months after 
the initial episode, had involvement of the 
fellow eye to no light perception with visual 
acuity recovery to 20/30 at last examination, 
followed by a recurrence in the affected eye to 
counting fingers with good visual acuity recov- 
ery at last examination to 20/40. 

All 12 patients had pain on movement of the 
eye. Two patients reported paresthesias of the 
extremities and one patient had Lhermitte’s 
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sign. Phosphenes were not described. Nine of 
the 12 patients had retrobulbar optic neuritis, 
with a bilateral manifestation in one patient 
(Case 9). Three patients demonstrated anterior 
optic neuritis with papillitis (Cases 6, 10, and 
11). 

Nine patients had computed tomography of 
the head and orbits. Four patients (Cases 1, 2, 4, 
and 5) had normal results of the studies, where- 
as five patients (Cases 6, 7, 9, 10, and 11) had 
abnormal results of the scans. The studies of 
one patient (Case 7) disclosed normal appear- 
ing optic nerves with an area of slightly de- 
creased attenuation in the cerebellar peduncles. 
Two patients (Cases 6 and 11) demonstrated 
unilateral thickening of the optic nerve, where- 
as two patients (Cases 9 and 10) showed bilater- 
al optic nerve thickening. 

Magnetic resonance imagimg scans were per- 
formed on five patients. Three studies (Cases 6, 
10, and 12) had normal results. One patient 
(Case 7) had periventricular and supraventricu- 
lar plaques, and one patient (Case 9) had a 
thickened chiasm that returned to normal size 
on follow-up scans. 


Discussion 


In a 15-year study of optic neuritis, Carroll’ 
examined 240 patients with optic neuritis and 
described seven patients with visual acuity loss 
to no light perception in one or both eyes. Five 
of these seven patients recovered visual acuity 
of 20/40 or better in at least one eye. Of 172 
patients with optic neuritis, Perkin and Rose” 
described six patients with visual acuity of no 
light perception; three of the six patients dem- 
onstrated visual acuity recovery to 20/20 with- 
in six weeks. 

Earl and Martin’ reviewed the records of 104 
patients with optic neuritis of recent onset and 
concluded that the prognosis for visual recov- 
ery was better in patients under 45 years of age 
than in those older than this age. Initial visual 
loss was also a prognostic factor in the group 
older than 45 years of age. Of the five patients 
over 45 years of age whose vision did not 
recover, four had initial visual acuity of count- 
ing fingers or less. 

Cohen, Lessell, and Wolf,’ in a study of the 
risks of developing multiple sclerosis after an 
episode of optic neuritis, described 60 patients 
after the initial manifestation of optic neuritis. 


Their study suggests a worse visual prognosis 
for an initial manifestation of optic neuritis 
with less than 20/200 visual acuity. Thirteen 
patients with initial visual acuity of 20/40 or 
better all recovered visual acuity of 20/20 or 
better; of 23 patients with initial visual acuity 
between 20/50 and 20/200, 22 recovered visu- 
al acuity of 20/40 or better; of 24 patients with 
initial visual acuity worse than 20/200 (of 
which three were no light perception), visual 
acuity remained at that level in nine patients, 
one patient recovered visual acuity to 20/50, 
and 14 patients recovered visual acuity of 20/ 
20 or better. The outcome of the patients with 
visual acuity of no light perception was not 
specifically stated. 

Eight of our 12 patients (67%) had recovery 
of visual acuity to better than 20/40 within 
three months (Table). This was not significantly 
different from those studies that considered all 
degrees of acute visual loss in optic neuri- 
tis.2°.*!9 Nikoskelainen’ treated 176 patients 
with optic neuritis for at least six months and 
reported a 69% recovery to visual acuity of 
20/30 or better in 133 eyes after their initial 
episode. Bradley and Whitty’ reported that 53 
of their 71 patients (75%) had 20/25 or better 
visual acuity at six months after an initial epi- 
sode. Beck and associates” reported that 24 of 
32 eyes with unilateral optic neuritis recovered 
visual acuity to 20/25 (it was not stated if this 
group included subsequent or previous mani- 
festations of optic neuritis). Our review of pub- 
lished reports suggests that 50% to 71% of 
patients who have had optic neuritis with visu- 
al acuity of no light perception recover visual 
acuity of 20/40 or better. Excluding the two 
patients possibly attributable to systemic lupus 
erythematosus, the visual acuity recovery rate 
to 20/40 or better within three months was 
60% for the ten patients with optic neuritis 
assumed to be related to a process of either 
disseminated demyelination (multiple sclero- 
sis) or of focal, isolated demyelination (idio- 
pathic optic neuritis) (Table). 

Two of our patients developed additional 
occurrences of optic neuritis during follow-up. 
In one patient, visual acuity of no light percep- 
tion occurred in the contralateral eye. In the 
other patient, recurrences were bilateral, in- 
cluding visual acuity of no light perception in 
the contralateral eye. Both patients had good 
visual recovery. This is in contrast to Lynn” 
who reported that subsequent episodes of optic 
neuritis adversely affect visual recovery after 
finding that only eight of 33 patients (24%) 
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with recurrent optic neuritis attained visual 
acuity of better than 20/30. Both Niko- 
skelainen® and Perkin and Rose? similarly re- 
ported a less favorable outcome for patients 
with recurrent optic neuritis, reporting visual 
acuity recovery to 20/30 or better in 54% and 
57% of their patients, respectively. In the acute 
phase, visual acuity of no light perception per- 
sisted for three to 14 days (mean, 6.9 days) in 
the eight patients in whom visual acuity recov- 
ered to 20/40 or better (Table). Visual acuity of 
no light perception persisted for five to 13 days 
(mean, 8.0 days) for the four patients in whom 
visual acuity recovered to counting fingers (Ta- 
ble). 

All three of our patients younger than 18 
years of age recovered visual acuity to 20/30 or 
better (Table). Kriss and associates’ described 
39 children with optic neuritis and found 53 of 
68 eyes examined (78%) recovered visual acuity 
to 20/20 or better (the number of patients with 
visual acuity of no light perception was not 
stated). Farris and Pickard” described six chil- 
dren with simultaneous, bilateral optic neuri- 
tis, all of whom were treated with intravenous 
methylprednisolone. All patients had severe 
visual loss, four to no light perception. Five 
patients recovered visual acuity to 20/25 or 
better, and one patient who recovered visual 
acuity to 20/40 was lost to follow-up. Since our 
patients were all younger than 36 years of age, 
we did not have the opportunity to address any 
potential differences in outcome related to age 
as reported by Earl and Martin.’ 

Many investigators have assessed pupillary 
reactions in patients with optic neuritis!”’* and 
have found good recovery of visual acuity with 
concomitant residual relative afferent pupillary 
defects. Burde and Gallin” examined nine pa- 
tients with recovered retrobulbar optic neuritis 
with visual acuity of at least 20/30 and found 
relative afferent pupillary defects in all during 
the acute phase, whereas five patients had 
chronic relative afferent pupillary defects. Cox, 
Thompson, and Corbett" found the pupillary 
defect in acute optic neuritis worsened as visual 
acuity decreased and improved as vision recov- 
ered. Our findings agree with those of Cox, 
Thompson, and Corbett,” in that six of our 
seven patients with a single unilateral episode 
of optic neuritis and visual acuity loss of no 
light perception were left with a residual rela- 
tive afferent pupillary defect. 

Color vision abnormalities have been report- 
ed in 50% to 100% of patients with resolved 
optic neuritis.*!®!1* Testing procedures in these 


studies included the Farnsworth-Munsell 100- 
hue color test, Ishihara color plates, and 
pseudoisochromatic color plates. Six of the 
eight patients with no previous or subsequent 
recurrences of optic neuritis reported subjec- 
tive red desaturation in their affected eyes, 
including two patients who correctly identified 
all of the Ishihara color plates. Overall, dys- 
chromatopsia was identified in 11 of our 12 
patients (92%). 

It is believed that treatment with corticoste- 
roids shortens the duration of symptoms in 
acute optic neuritis. All of our patients were 
treated with corticosteroids, most with high 
doses of intravenous methylprednisolone and 
subsequent oral taper, yet no significant con- 
clusions can be drawn from our study regarding 
any benefit of corticosteroid therapy on eventu- 
al visual outcome. The ongoing multicenter 
Optic Neuritis Treatment Trial may provide 
information regarding the effect of corticoste- 
roid treatment on visual prognosis for patients 
with optic neuritis and perhaps even on the 
subset of patients with visual acuity of no light 
perception and optic neuritis. 
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OPHTHALMIC MINIATURE 
I pressed him hard and threatened him until he prostrated himself before 
me, saying, “Spare my life, lord, for I have faithfully served Egypt all my 
days and in the name of Egypt have tortured prisoners and stolen their food. 
But this spy is mo ordinary man. His tongue is strange and whistles like a 
nightingale and he has promised me great wealth if I will feed him and keep 
him alive until the coming of Horemheb. He has also promised to restore 
my sight, having been blind himself until a great physician healed his one 
eye. He has promised to bring me to this great physician that my sight also 
may be restored and that I may live in the city among my fellows and enjoy 


my wealth.” 


Mika Waltari, The Egyptian 
Helsinki, WSOY, 1983, p. 442 





Acetazolamide in the Treatment of Abnormal 


Oculovestibular Response 





Ralph B. Hester III, M.D., and Bradley K. Farris, M.D. 


We treated seven patients with incapacitat- 
ing vertigo elicited by walking down a grocery 
store aisle or driving a car. Results of neuro- 
logic, neuro-ophthalmic, and neuroradiologic 
examinations were normal. Episodic vertigo 
secondary to an abnormal oculovestibular re- 
sponse was diagnosed. Each patient was given 
a trial of 250 to 500 mg of acetazolamide daily. 
Symptoms resolved completely in four pa- 
tients, two patients had near resolution of 
symptoms, and one patient had no relief. Car- 
bonic anhydrase activity has been demon- 
strated in the inner ear, and acetazolamide 
has been shown to affect the ion balance of the 
inner ear fluids. 


In 1988, Meyerhoff' described a series of pa- 
tients who had episodic vertigo triggered by 
optokinetic stimuli. Vertigo secondary to an 
abnormal oculovestibular response was diag- 
nosed, presumably associated with Méniére’s 
disease. 

We treated seven patients between 1986 and 
1989 who had episodic vertigo triggered by 
optokinetic stimuli in their visual periphery. 
Each patient described vertigo elicited by walk- 
ing down a grocery store aisle or driving a car. 
Nothing was found on examination of these 
patients that could account for their symptoms. 
In 1979, Donat and Auger’ described the suc- 
cessful use of acetazolamide in the treatment of 
periodic ataxia. Prompted by this report, we 
treated our patients with acetazolamide. The 
symptoms in six of seven patients improved. 
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Case Reports 


Case 1 

A 32-year-old woman had intermittent epi- 
sodes of vertigo for one year. On further ques- 
tioning, the patient stated that her actual prob- 
lem was with passing objects in her visual 
periphery; she could not walk down a grocery 
store aisle without becoming dizzy. Results of 
otolaryngologic and gynecologic examinations 
were normal. Her medical history was signifi- 
cant only for migraine. 

Neuro-ophthalmic examination on Aug. 1, 
1986, showed best-corrected visual acuity of 
20/20 in each eye. The refractive error was 
minimal. The patient was orthophoric at both 
near and distance. A fine horizontal nystagmus 
was present in primary gaze and upgaze, wors- 
ening in gaze right or left. The nystagmus 
dampened on convergence, typical for congeni- 
tal nystagmus. Optokinetic nystagmus and re- 
sults of the neurologic examination were nor- 
mal. A magnetic resonance image of the brain 
was normal. Acetazolamide, 250 mg, twice dai- 
ly was initiated. 

Examination six weeks later disclosed that 
the episodes of vertigo had decreased marked- 
ly. Results of the neuro-ophthalmic examina- 
tion were unchanged. The symptoms continued 
to improve, and the patient has refused a dos- 
age reduction since, remaining symptom-free. 


Case 2 

A 35-year-old woman had blurred vision and 
headaches for eight months. The patient fur- 
ther described a feeling of discomfort, with 
dizziness and nausea, caused by environmental 
motion. The symptoms were triggered when 
walking down a grocery store aisle or when 
viewing moving cars and road lines while driv- 
ing. Results of previous ophthalmic and neuro- 
logic examinations were normal. A magnetic 
resonance image of the brain was normal. A 
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neuro-otolaryngologist thought her symptoms 
were functional. 

Neuro-ophthalmic examination on Aug. 12, 
1986, showed best-corrected visual acuity of 
20/20 in each eye. The refractive error was 
minimal. The patient was orthophoric both at 
near and at distance. Results of the remainder 
of the examination, including optokinetic nys- 
tagmus, were normal. A regimen of 125 mg of 
acetazolamide twice daily was initiated. 

With minimal relief after six weeks, the pa- 
tient sought another opinion from a neurologist 
and an otolaryngologist. They agreed she was 
motion-sensitive but found no abnormalities 
on examination. The acetazolamide was restart- 
ed at the same dosage, and two weeks later she 
noted significant improvement. The dosage was 
increased to 250 mg twice daily with further 
improvement. When examined one year later, 
the patient was taking 375 mg of acetazolamide 
a day with complete resolution of the symp- 
toms. She has refused to taper the dosage. 


Case 3 

For ten years, a 42-year-old woman had diz- 
ziness, worsened by ocular movements, and 
intermittent blurred vision while reading. At 
age 31 years, the patient noted that walking 
down hallways and through tunnels made her 
dizzy. This progressed to the point where she 
was unable to walk down a grocery store aisle 
or drive a car without having incapacitating 
vertigo. Results of previous ophthalmic, neuro- 
logic, and otolaryngologic examinations were 
normal. One physician believed her complaints 
were functional. Medications included 10 mg of 
propranolol hydrochloride daily and diazepam 
as needed. 

Neuro-ophthalmic examination on Sept. 9, 
1987, showed best-corrected visual acuity of 
20/20 in each eye. The patient had moderate 
myopia in each eye. She was orthophoric both 
at near and at distance. The patient was noted 
to have minimal rotary nystagmus when look- 
ing down and right and down and left. Opto- 
kinetic nystagmus was normal, although it 
did trigger the symptoms. A magnetic reso- 
nance image of the brain was normal. A course 
of 125 mg of acetazolamide twice daily was 
initiated. 

Examination eight weeks later disclosed that 
her symptoms were improved markedly. On 
May 24, 1988, the patient had no complaints, 
was symptom-free, and results of an examina- 
tion were normal. She has refused tapering of 
the dosage. 


Case 4 

A 32-year-old man had dazed vision for six 
months. The patient stated that he had difficul- 
ty watching rapidly moving objects, and walk- 
ing down an aisle in a grocery store caused 
dizziness and blurred vision. The patient also 
had difficulty distinguishing objects as they 
moved beside him. He was taking diazepam 
intermittently, which seemed to help some- 
what. He was examined by a neurologist, with 
normal results of an examination. An otolaryn- 
gologist suspected the patient had a viral vesti- 
bulitis. 

Neuro-ophthalmic examination on April 20, 
1988, showed best-corrected visual acuity of 
20/15 in each eye. The patient had no refractive 
error. He was orthophoric at near, with a small 
comitant esophoria at distance. The patient had 
no nystagmus and normal optokinetic nystag- 
mus. A magnetic resonance image of the brain 
was normal. A course of 125 mg of acetazol- 
amide twice daily was initiated. 

Examination nine weeks later disclosed that 
the patient had no significant improvement 
while taking the acetazolamide. Because of the 
moderate relief from taking the diazepam, he 
refused to try an increased dose of acetazol- 
amide, and this was discontinued. Three 
months later, the patient stated that he was 
reasonably comfortable while taking diazepam. 


Case 5 

A 37-year-old woman had intermittent verti- 
go and blurred vision for three years. The 
patient stated that three years previously she 
awoke with dizziness and blurred vision. Her 
persistent dizziness gradually improved, al- 
though the patient continued to have vertigo 
with nausea and vomiting when walking down 
a grocery store aisle. Results of an otolaryngo- 
logic examination were normal. A magnetic 
resonance image of the brain was normal. In 
September 1987, a neurologist diagnosed pos- 
terior occipital headaches and radiculopathy in 
the left arm. A computed tomographic scan of 
the brain was normal, and she was given a trial 
of prednisone for presumed multiple sclerosis. 
No symptomatic improvement was noted. 

Neuro-ophthalmic examination on Jan. 18, 
1989, showed best-corrected visual acuity of 
20/15 in each eye. The refractive error was 
minimal. She was orthophoric both at near and 
at distance. The patient had no nystagmus. 
Optokinetic nystagmus was normal, although it 
did trigger the symptoms. A regimen of 125 mg 
of acetazolamide twice daily was initiated. 
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Examination two weeks later disclosed that 
the patient had had considerable subjective 
improvement. On March 14, 1989, the patient 
stated that her dizziness had resolved com- 
pletely, and she refused tapering of the original 
dosage of 125 mg twice daily. 


Case 6 

A 39-year-old man had intermittent dizzi- 
ness, which he attributed to a closed head 
injury with skull fracture and brief loss of 
consciousness he had sustained 15 years previ- 
ously. In February 1989, he fell at work, again 
sustaining a mild closed head injury with brief 
loss of consciousness. The patient had persis- 
tent dizziness thereafter. He stated that pat- 
terns on wallpaper and peripheral motion 
while driving triggered the dizziness and nau- 
sea. Results of an ophthalmic examination were 
normal. A magnetic resonance image of the 
brain was also normal. 

Neuro-ophthalmic examination on April 4, 
1989, showed best-corrected visual acuity of 
20/15 in each eye. The patient had mild myopia 
and astigmatism with the rule in each eye. He 
was orthophoric both at near and at distance. 
The patient had no nystagmus and optokinetic 
nystagmus was normal. Results of the neurolog- 
ic examination were normal. He was given 125 
mg of acetazolamide once daily. 

Examination four weeks later disclosed 
marked subjective improvement. Because of 
some persistent mild episodes, the dosage was 
increased to 250 mg once daily. One month 
later, the patient stated that the dosage increase 
resulted in further improvement in his toler- 
ance of motion. He has refused a trial of dosage 
reduction. 


Case 7 

A 47-year-old man had difficulty driving for 
four years. The patient had intermittent epi- 
sodes of aberration of his peripheral vision 
while driving. The symptoms were triggered 
when cars or the landscape would pass by him 
rapidly in his periphery. The patient was no 
longer able to go grocery shopping because of 
incapacitating vertigo when walking down the 
aisles and was no longer comfortable in crowds 
because of the same problem with people mov- 
ing past him. A magnetic resonance image of 
the brain demonstrated a calcified mass in the 
pineal region, believed to be benign and unre- 
lated to the symptoms. 

Neuro-ophthalmic examination on Oct. 11, 
1989, showed best-corrected visual acuity of 


20/20 in each eye. The refractive error was 
minimal. He was orthophoric both at near and 
at distance. The patient had no nystagmus and 
normal optokinetic nystagmus. Results of a 
neurologic examination were normal. There 
was no upgaze paresis, retraction nystagmus, or 
pupillary abnormalities. Acetazolamide, 125 
mg, once daily was initiated. 

Examination three months later disclosed 
that the patient had initially noted a definite 
improvement on the acetazolamide. A drunken 
episode, however, resulted in worsening of the 
symptoms. The dosage was increased to 125 mg 
twice daily, and the patient was encouraged to 
limit his alcohol intake. Three weeks later, he 
stated that the symptoms had nearly resolved. 
He has refused any reduction in the dosage. 


Results 


Four of the patients we treated were women 
and three were men with an average age of 38 
years (range, 32 to 47 years). The duration of 
symptoms varied from six months to 15 years. 
Five of our patients had been symptomatic for 
one year or longer. 

Since there were no findings on examination 
to suggest an origin, each patient had been 
examined by several physicians; ophthalmolo- 
gists, otolaryngologists, and neurologists were 
the specialists most frequently consulted. All 
but two of the patients (Cases 6 and 7) under- 
went an extensive examination by an otolaryn- 
gologist with normal results of a neurotologic 
examination. Méniére’s disease was not sus- 
pected in any of the patients. Two patients were 
told their complaints were functional in nature 
(Cases 2 and 3). One patient (Case 4) was 
suspected of having a viral vestibulitis, and 
another patient (Case 5) was presumed to have 
multiple sclerosis. 

Each patient had a unique set of symptoms. 
Dizziness and blurred vision were frequent 
complaints. In several patients, it was only with 
further questioning that the true problem was 
ascertained. Optokinetic stimuli, usually in the 
form of telephone poles or other cars seen 
peripherally while driving or items on the 
shelves at the grocery store seen while walking 
down the aisle, would cause symptoms ranging 
from light-headedness to true vertigo with nau- 
sea and vomiting. 

All seven patients had normal results of neu- 
rologic and neuro-ophthalmic examinations, 
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except for the finding of minimal nystagmus in 
two patients (Cases 1 and 3). All of the patients 
had normal optokinetic nystagmus testing. In 
two patients (Cases 3 and 5), viewing the opto- 
kinetic flag was enough of a stimulus to trigger 
the symptoms. Each patient was orthophoric 
for both near and distant vision, with the excep- 
tion of one (Case 4). All seven patients had 
normal ocular motility. Each patient underwent 
magnetic resonance imaging to rule out the 
possibility of a posterior fossa lesion. The mag- 
netic resonance image in one patient (Case 7) 
demonstrated a calcified mass in the pineal 
region. This was believed to be unrelated to his 
symptoms. 

The patient in Case 1 was initially given a 
relatively large dosage of acetazolamide, 500 
mg a day. Four patients (Cases 2 through 5) 
were initially given 250 mg a day. As we gained 
experience, we learned to minimize the side 
effects. Thus, our last two patients (Cases 6 and 
7) were initially given 125 mg a day and then 
had the dosage increased as necessary. In four 
of the patients the condition stabilized on a 
dosage of 250 mg a day, whereas two patients 
continued to be given a higher dosage. Al- 
though acetazolamide has the potential to 
cause numerous side effects,** our patients only 
had extremity paresthesias, mild fatigue, and 
altered taste, all of which resolved a few weeks 
after initiation of therapy. 

Because no objective evidence of disease was 
found on examination of these patients, there 
was no objective means of documenting im- 
provement. Subjectively, however, our patients 
reported dramatic improvement in their symp- 
toms. The improvement while taking acetazol- 
amide was gradual. All of our patients except 
two (Cases 2 and 4) noticed a slight improve- 
ment in their tolerance of motion within the 
first week and were improved markedly on their 
first follow-up visit. The symptoms of the pa- 
tient in Case 2 were slow to improve with 
acetazolamide, and it was discontinued after a 
six-week trial. On a second trial at the same 
dosage, the symptoms improved dramatically. 
This was believed to be the result of better 
compliance. The symptoms in only one patient 
(Case 4) did not improve while taking acetazol- 
amide. This patient had satisfactory relief while 
taking diazepam and chose to continue rather 
than try an increased dosage of acetazolamide. 
An important aspect in the treatment of these 
patients was our emphasis to them that the 
improvement was gradual, and it might take 
several weeks before significant improvement 


was noted. Four of our patients have remained 
asymptomatic, and two patients have had near 
resolution of their symptoms. These six pa- 
tients have refused tapering of their dosage of 
acetazolamide. 


Discussion 


Our patients appear to have episodic vertigo 
triggered by optokinetic stimuli in their periph- 
eral vision. This abnormal oculovestibular re- 
sponse represents a disturbance in the vestibu- 
lar system. It has been seen in patients with 
Méniére’s disease and has been successfully 
treated with vestibular nerve section.’ We do 
not believe that our patients have classic 
Méniére’s disease or the vestibular form of 
Méniére’s disease, because they denied the 
symptoms of tinnitus, aural pressure or full- 
ness, and fluctuating hearing loss associated 
with the episodes of vertigo.’ Although no 
objective evidence of vestibular dysfunction 
was found on examination of these patients, we 
believe they have a subtle disturbance of the 
peripheral vestibular system, possibly involv- 
ing the fluids of the inner ear. Acetazolamide, 
the prototype of a class of agents that act to 
inhibit the enzyme carbonic anhydrase reversi- 
bly, was successful in treating our patients and 
has been shown to have an effect on inner ear 
fluids. 

Acetazolamide produces a modest diuresis, 
initial kaliuresis, a decrease in the concentra- 
tion of bicarbonate in the extracellular fluid, 
and a metabolic acidosis. Although the diuretic 
effect of the drug is self-limiting because of its 
production of a metabolic acidosis, it has prov- 
en to be of therapeutic benefit in various other 
conditions.*’" The discovery that acetazol- 
amide was beneficial in the treatment of heredi- 
tary paroxysmal ataxia was serendipitous in 
that periodic paralysis was misdiagnosed in a 
patient with this disorder.” The symptoms of 
the patient improved on the acetazolamide. As 
a result, Donat and Auger’ successfully used 
acetazolamide in the treatment of a mother and 
son with familial periodic ataxia; the patients 
had almost complete elimination of their epi- 
sodic attacks of cerebellar incoordination and 
vertigo. It was this report that prompted us to 
use acetazolamide in the treatment of our pa- 
tients. 

Vestibular perilymph, primarily derived from 
plasma” and having a chemical composition 
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resembling a plasma ultrafiltrate, is the precur- 
sor of endolymph."" Endolymph has a charac- 
teristically high potassium concentration,” 
and a chemical (potassium and sodium) gradi- 
ent exists between endolymph and perilymph 
producing a transepithelial potential between 
these fluids.” This exposes the hair-bearing 
ends of the sensory hair cells to anodal polari- 
zation. A high potassium concentration in the 
presence of anodal polarization renders the 
membrane of excitable cells more sensitive to 
mechanical deformation.” This suggests that 
maintenance of the proper potassium:sodium 
ratio in the endolymph is important for sensory 
transduction. 

The cells thought to be responsible for the 
formation of vestibular endolymph are the dark 
cells.” Carbonic anhydrase, an enzyme that 
acts to catalyze the hydration of carbon dioxide 
and the dehydration of carbonic acid, has been 
localized in the dark cells.’ The regulation of 
endolymph potassium concentration has been 
proposed as one function of inner ear carbonic 
anhydrase. Erulkar and Maren” demonstrated a 
marked decrease in the potassium concentra- 
tion of endolymph after long-term treatment 
with acetazolamide. There was no significant 
change in the potassium concentration of the 
perilymph, which indicated that the change in 
the endolymph was not caused by a change in 
plasma potassium concentration. As mentioned 
above, alteration of the potassium:sodium ratio 
in the endolymph could have an effect on the 
polarization or current through the sensory 
hair cells and the potential for mechanical de- 
formation of these cells. Both the standing 
current through the hair cells and the mechani- 
cal deformation of the cell membrane are in- 
volved in the process of transduction of motion 
into nerve impulses.” We believe that in our 
patients acetazolamide acted to decrease hair 
cell excitability, thereby decreasing vestibular 
input. 

After thorough neurologic and neuro-oph- 
thalmic examination has excluded other forms 
of episodic vertigo, we advocate a trial of acet- 
azolamide in patients who appear to have epi- 
sodic vertigo secondary to an abnormal oculo- 
vestibular response. Items on the shelves at the 
grocery store, seen peripherally while walking 
down the aisle, were a common stimulus among 
our patients. Six of our seven patients showed 
dramatic improvement in their symptoms as a 
result of treatment with acetazolamide. An ap- 
propriate initial dose would be 125 mg daily, 
because this seems to minimize the side effects. 


The dosage can then be increased, with most 
patients achieving resolution of symptoms 
while taking 250 to 500 mg daily. Regardless of 
the initial dosage, improvement is gradual, of- 
ten requiring a month before significant im- 
provement is noted. Although the mechanism 
of action of acetazolamide in the treatment of 
this form of episodic vertigo is unknown, we 
believe it to be the result of an altered potassi- 
um:sodium ratio in the endolymph. Further 
studies involving a greater number of patients 
with this affliction are needed to evaluate the 
possibility of placebo effect and further deline- 
ate the role of acetazolamide in the treatment of 
abnormal oculovestibular response. 
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OPHTHALMIC MINIATURE 
Qwilleran winced and clenched his teeth and his eyes, only to feel the 
cat’s whiskers tickling his eyelids. He jumped to a sitting position, and 
Koko bounded from the bed and from the room, mission accomplished. 
When Qwilleran shuffled out of the bedroom, wearing his red plaid 
bathrobe and looking aimlessly for his pipe, he surveyed the living room 


with heavy-lidded eyes. 


Lilian Jackson Braun, The Cat Who Ate Danish Modern 
New York, G P. Putnam’s Sons, 1967, p. 101 


Reproducibility of Topographic Measurements of the 


Normal and Glaucomatous Optic Nerve Head With the 


Laser Tomographic Scanner 


Andreas W. Dreher, Ph.D., Patrick C. Tso, B.A., and Robert N. Weinreb, M.D. 


We acquired five independent topographic 
images of the optic nerve head of eight normal 
eyes and eight eyes with primary open-angle 
glaucoma with a laser tomographic scanner. 
Each image had a field of view of 15 x 15 
degrees with a resolution of 256 x 256 pixels. 
The pixel size was approximately 15 x 15 pm. 
The value of a pixel of a topographic image 
represented the height at this position. The 
mean height and the standard deviation over 
the five topographic images were calculated 
for each of the 65,536 pixel positions. The 
standard deviation of a single height mea- 
surement in normal eyes was 38.7 ym (range, 
23.4 to 62.2 um) for areas in the peripapillary 
retina and 42.6 ym (range, 24.4 to 53.7 pm) for 
measurements within the optic nerve head 
area. In glaucomatous eyes, the standard devi- 
ation was 41.2 ym (range, 23.2 to 59.6 um) in 
the peripapillary retina and 49.4 pm (range, 
28.1 to 72.8 pm) within the optic nerve head. 
There was no significant difference between 
the standard deviation of a single height mea- 
surement in normal and glaucomatous eyes (P 
= .34 within the optic nerve head area; P = .57 
on peripapillary retina). No correlation was 
found between standard deviation of the 
measurements and pupil size or age of the 
subject. 


Eva.uation of optic nerve head topography is 
important for diagnosing and managing glau- 
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coma. Progressive optic nerve head cupping, a 
widening and deepening of the surface of the 
optic nerve head caused by either loss of neu- 
roglial tissue or pressure-related compression 
with bowing of the lamina cribrosa, can pre- 
cede measurable visual field defects.’ In some 
cases, as many as half of the retinal ganglion 
cells can be lost before visual field defects can 
be detected.’ Clinical methods for recording 
optic nerve head appearance include drawings 
and stereoscopic color photographs, which are 
qualitative and often inconsistent.** Several in- 
struments have provided reproducible and ac- 
curate data of the optic nerve head by acquiring 
and analyzing digitized fundus images ob- 
tained with conventional optics.”’ High quality 
images, however, can be achieved only with 
large pupils and clear media, conditions often 
not encountered in older patients with primary 
open-angle glaucoma. 

Another instrument has been developed for 
use in evaluation of glaucoma.*" The laser 
tomographic scanner (LTS, Heidelberg Instru- 
ments, Inc., Heidelberg, Germany) uses a heli- 
um-neon laser beam to scan across the optic 
nerve head in three dimensions. It uses confo- 
cal detection, so that only the light reflected 
from a small region around the focal plane of its 
special optics is detected. This results in en- 
hanced depth resolution over conventional im- 
aging techniques. The measured values of the 
confocally detected light are used to produce a 
topographic map of the optic nerve head, which 
shows the height of each pixel of the image as 
compared with a reference plane. From these 
single height measurements, variables such as 
cup volume, cup depth, or retinal contour can 
be calculated. 

The laser tomographic scanner provides con- 
tact-free imaging and measurement of the ocu- 
lar fundus. It has several advantages over avail- 
able clinical instruments.* Images often can be 
obtained in eyes with undilated pupils and 
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cataracts. The instrument uses low light inten- 
sity, and a real-time image can be obtained for 
immediate evaluation. 

In contrast to studies that examined the re- 
producibility of optic nerve head variables such 
as cup volume or cup/disk ratio,*"'*" we evalu- 
ated the reproducibility of the more basic mea- 
surement of height at a single location in the 
normal and glaucomatous optic nerve head 
with the laser tomographic scanner. The repro- 
ducibility of height measurements directly in- 
fluences the variability of factors derived from 
these measurements. 


Subjects and Methods 


After informed consent, eight normal sub- 
jects and eight phakic patients with primary 
open-angle glaucoma were enrolled in this 
study. The study was approved by the Human 
Subjects Committee at the University of Cali- 
fornia, San Diego. The eyes with primary open- 
angle glaucoma had characteristic glaucoma- 
tous visual field loss and intraocular pressure 
exceeding 24 mm Hg on at least two separate 
examinations. In the group of normal subjects, 
there were four men and four women, with a 
mean age of 30 years (range, 22 to 50 years; 
Table 1). In the glaucoma group, there were 
three men and five women, with a mean age of 


TABLE 1 
STANDARD DEVIATION OF TOPOGRAPHIC 
MEASUREMENTS IN NORMAL EYES* 


STANDARD DEVIATION 
(uM) 


PUPIL REFRACTIVE CUP/ OPTIC 
CASE NO., EYE SIZE ERROR DISK NERVE PERIPAPILLARY 


AGE (YRS) IMAGED (MM) (DIOPTERS) RATIO HEAD RETINA 
1, 29 LE 2.9 —3.25 0.1 43.0 35.8 
2, 29 R.E. 3.0 0 0.1 53.7 46.8 
3, 31 AE. 35 —4.0 0.5 42.9 34.4 
4, 50 RE, -25 +1.5 0.1 50.7 62.2 
5, 32 RE. 3.5 0 0.2 24.4 23.4 
6, 27 LE: 2.5 0 0.5 41.1 37.7 
ime LE. 30 0 0.2 41.3 34.4 


8, 27 LE. 3.0 —2.5 0.3 43.9 34.7 


*The pooled standard deviations were 42.6 um for the optic 
nerve head and 38.7 um for the peripapillary retina; the median 
standard deviations were 42.9 um for the optic nerve head and 
35.3 um for the peripapillary retina. 


TABLE 2 
STANDARD DEVIATION OF TOPOGRAPHIC 
MEASUREMENTS IN GLAUCOMATOUS EYES* 


STANDARD DEVIATION 
(uM) 


PUPIL REFRACTIVE CUP/ OPTIC 
CASE NO., EYE SIZE ERROR DISK NERVE PERIPAPILLARY 


AGE (YRS) IMAGED (MM) (DIOPTERS) RATIO HEAD RETINA 
9,72 RE. 75 —0.25 0.8 36.4 29.7 
10, 65 LE. 65 0 0.5 72.8 59.6 
25,71 RE. 7:9 0 0.5 49.6 50.1 
12, 44 Le Z5 0 0.9 67.8 59.3 
13, 34 R.E. 7.0 —2.75 0.4 33.4 26.9 
14, 74 R.E. 8.0 -05 0.9 42.1 32.4 
15, 73 LE: 7.0 0 0.3 65.1 48.4 


16, 63 LE. 90 ~ 1.5 0.8 28.1 32.2 


*The pooled standard deviations were 49.4 um for the optic 
nerve head and 41.2 um for the peripapillary retina; the median 
standard deviations were 45.9 wm for the optic nerve head and 
40.4 um for the peripapillary retina. 


62 years (range, 34 to 74 years; Table 2). For 
each individual, one eye was selected randomly 
for study. The cup/disk ratio was estimated 
(Tables 1 and 2) by one of us (R.N.W.), who was 
masked to the results of the optic nerve head 
images. 

A total of five independent sets of images of 
the optic nerve head were obtained for each 
individual on two separate days. Pupil diame- 
ters in the glaucomatous eyes were less than 2.0 
mm as the result of miotic treatment. In these 
eyes, the miotic drug was discontinued 24 
hours before examination, and the pupil was 
dilated with tropicamide 1.0% and phenyleph- 
rine hydrochloride 2.5% ophthalmic solutions. 
The pupils of normal eyes were not dilated. 
Pupil size was recorded slightly before image 
acquisition. 

Detailed technical information describing the 
laser tomographic scanner has been described 
previously.*” In brief, the real-time imaging 
system of the laser tomographic scanner uses a 
helium-neon laser beam that is scanned across 
the retina in x and y directions. By using confo- 
cal detection, only light reflected from the sec- 
tion of the retina lying at the focal plane of the 
scanning laser beam is detected. By changing 
the focal plane of the scanning laser beam, 
different section images can be recorded. 

A fixation target light implemented in the 
laser tomographic scanner was used to position 
the eye for imaging. The operator adjusted the 
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laser intensity and the detector sensitivity. 
Then, the scan range along the optical axis was 
chosen by the operator. Imaging was initiated 
immediately anterior to the blood vessels as 
they emerged from the optic cup and was com- 
pleted at a level posterior to the lamina cri- 
brosa. A series of 32 equally spaced section 
images parallel to the retinal plane was ob- 
tained within this scan range. Each image in the 
series had a resolution of 256 x 256 pixels and 
covered a field of view of 15 x 15 degrees. The 
pixel size therefore was approximately 15 x 15 
um. A scan range between 1.0 and 2.5 mm was 
used. 

The time to adjust the settings of the laser 
tomographic scanner to start image acquisition 
was between two and five minutes after the 
patient was positioned at the instrument. The 
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actual acquisition time of a series of 32 section 
images was approximately four seconds. The 
images were recorded on an optical storage 
disk. 

From these 32 section images, a software 
algorithm calculated the height at each of the 
256 X 256 pixel positions to produce a topo- 
graphic map (Fig. 1) of the area being exam- 
ined." The time for this procedure, which also 
included an algorithm to correct for any ocular 
movements during image acquisition, was ap- 
proximately 90 seconds. To correct for any mag- 
nification errors, Zinser and associates" en- 
tered the refractive error and the corneal radius 
of curvature of the eye being examined. In our 
study, the refractive error of each eye and a 
value of 7.7 mm for the radius of curvature were 
used. 





Fig. 1 (Dreher, Tso, and Weinreb). Case 5. Top left, 
Result images of a normal eye acquired with the laser 
tomographic scanner. A reflectivity image of the 
entire area being examined is shown. This image is 
comparable to a conventional fundus image. Top 
right, The corresponding topographic image is dis- 
played. In this image, the height at each pixel posi- 
tion is represented by a gray scale. Dark colors 
correspond to elevated areas; bright colors show 
depressed areas. Bottom left, For comparison, a pho- 
tograph of the same eye obtained with a fundus 
camera. 
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After calculating the five independent topo- 
graphic images for each eye, one of the five 
height images was arbitrarily selected as the 
reference image for that eye. The remaining 
four topographic images were aligned in the x 
and y directions with the reference image. After 
shifting the images against each other, only the 
central part of the image that was common to 
all the five shifted images was used. Typically, 
the image size was reduced by up to 20% in 
each direction because of the shifting process. 
Next, these four shifted images were corrected 
for tilt and displacement relative to the refer- 
ence image. 

To define the retinal plane of the chosen 
reference height image, three points on the 
peripapillary retina were selected by the opera- 
tor. These points were selected so as not to 
coincide with a blood vessel. Also, they were 
selected to be widely spread points to obtain a 
broad plane, thus minimizing errors from tilt. 
At each selected point, the average height value 
over an area of 10 X 10 pixels was calculated. 
The resulting three averaged height values 
were used to determine the reference plane. 
The same x and y coordinates of the three 
points also were used for the other four images 
in the same eye to define the retinal planes of 
those images. Since the images had been 
aligned previously in the x and y directions 
with the reference image, the three points se- 





lected were identical in all five images. The 
resulting five retinal planes then were corrected 
for tilt or offset among them. This resulted in 
one common reference plane for the five topo- 
graphic images of each eye. 

The height values at the same pixel location 
in the five corrected topographic images were 
used to calculate the mean and the variance at 
each pixel location. For each eye, the resulting 
values were displayed in one image represent- 
ing the mean height (Fig. 2) and one image 
representing the standard deviation (square 
root of sample variance; Fig. 3) at each pixel 
position. 

The operator then selected three points on 
the margin of the optic nerve head to approxi- 
mate the rim of the optic nerve head by a circle. 
A computer algorithm calculated the average of 
the variances of the height measurements with- 
in and outside this defined area. Because of 
differences in magnification and changes in 
image size caused by the alignment procedure, 
the number of measurements in the optic nerve 
head was between 3,672 and 11,340 pixels, and 
the number of measurements at the peripapil- 
lary retina was between 27,864 and 35,532 
pixels. The square roots of the average varianc- 
es were the average standard deviations of 
single height measurements within or outside 
the optic nerve head. 

In both the normal and glaucoma groups, the 





Fig. 2 (Dreher, Tso, and Weinreb). Case 11. Left, Image of a glaucomatous eye representing the mean height of 
each pixel over the set of five independent topographic images. The small squares indicate the locations of the 
three reference points for calculating the retinal plane for this image. Right, For comparison, a photograph of the 


Same eye obtained with a fundus camera. 
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Fig. 3 (Dreher, Tso, and Weinreb). Case 11. Image 
representing the standard deviation of the height 
value at each pixel position. Light areas represent 
large standard deviations; dark colors represent 
small standard deviations. In this image, the range of 
standard deviations is from 11 pm (dark areas) to 114 
wm (light areas). The small squares indicate the 
locations of the three reference points for calculating 
the reference plane for this image. 


mean of the average standard deviations was 
calculated, and this was defined as the pooled 
standard deviation for the eight eyes in each 
group (Tables 1 and 2). An unpaired Student’s 
t-test was used to compare the optic nerve head 
variabilities of the normal and glaucomatous 
eyes and the variabilities of the two groups in 
the peripapillary region. A P value of less than 
.05 was considered significant. 


Results 


The variability of a single height measure- 
ment within the optic nerve head of each eye 
was calculated using the five independent 
height images obtained for each eye. The 
pooled standard deviation of an optic nerve 
head height measurement from the normal eyes 
was 42.6 um (range, 24.4 to 53.7 wm; Table 1). 
In the glaucomatous eyes, the pooled standard 
deviation of the optic nerve head height meas- 
urements was 49.4 wm (range, 28.1 to 72.8 wm; 
Table 2). 

The pooled standard deviation of a single 
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height measurement in the peripapillary retina 
of normal eyes was 38.7 um (range, 23.4 to 62.2 
um; Table 1), and in the glaucomatous eyes was 
41.2 pm (range, 23.2 to 59.6 um; Table 2). 

There were no statistical differences between 
the variability of the optic nerve head height 
measurements of the normal and glaucoma 
groups (P = .34) and between the variability of 
the peripapillary retinal height measurements 
of the two groups (P = .57). Also, the number of 
measurements (pixels) in the optic nerve head 
and peripapillary retina was not related to the 
variability. 

The pooled variability from the height meas- 
urements outside the optic nerve head of both 
groups was lower than their corresponding val- 
ues from the optic nerve head area. The differ- 
ences, however, were not statistically signifi- 
cant (P = .45 for normal eyes; P = .38 for 
glaucomatous eyes). 

The variability of the height measurements in 
relation to the age of the subjects is shown in 
Figures 4 and 5. The variability of the height 
measurements in relation to the pupil size is 
shown in Figure 6. A comparison of the fre- 
quency distributions of the standard deviations 
for age and pupil size showed no difference for 
either normal or glaucomatous eyes. Further- 
more, the variability of the height measurement 
did not correlate with the amount of optic nerve 
head cupping, estimated by cup/disk ratio 
(Fig. 7). 


Discussion 


The difficulty of using coefficient of variation 
as a measure of variability when the variability 
of a measurement is not proportional to the 
mean was discussed by Shields and associates.° 
For our study, we evaluated reproducibility of 
topographic measurement of the optic nerve 
head with the laser tomographic scanner by 
determining the variability of individual pixels 
within the images. Our data show that the 
standard deviation of a single height measure- 
ment with the laser tomographic scanner is 
better than 50 pm for both normal and glauco- 
matous eyes. There was no Statistical difference 
in variability of height measurements between 
the two groups. The pooled variability and the 
range of the variability values were similar for 
both groups tested. These measurements were 
independent of pupil size and cup/disk ratio. 

The pooled variability of measurements at 
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the peripapillary retina of both groups was 
slightly lower than their corresponding values 
from the optic nerve head area. This may be 
related to the relative smoothness of the peri- 
papillary retina compared to the optic nerve 
head area. Within the optic nerve head area, 
height values change frequently and abruptly 
because of the presence of many edges and 
blood vessels. This introduces a large gradient 
of topographic height values in these areas. In 
areas with large height gradients even a small 
misalignment of the five independent height 
images resulted in a larger standard deviation 
and, therefore, a reproducibility worse than 
that achieved in smooth areas. This is demon- 
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Fig. 4 (Dreher, Tso, and Wein- 
reb). Variability of height measure- 
ments of the optic nerve head area 
of normal and glaucomatous eyes 
plotted against age of subject (nor- 
mal eyes, open square; glaucoma- 
tous eyes, closed square). 


70 80 


strated in Figure 3, in which the standard devia- 
tion over the five height images of one optic 
nerve head is shown. 

Several possibilities need to be considered to 
improve the variability of height measurements 
of the laser tomographic scanner. First, areas 
around blood vessels within the optic nerve 
head should be excluded for determining the 
variability of height measurements. In these 
areas, physiologic changes in the dimension 
and location of blood vessels during systole/ 
diastole might be interpreted as a large variabil- 
ity in height. Second, consideration should be 
given to the definition of the retinal reference 
plane since it greatly influences variability. 


Fig. 5 (Dreher, Tso, and Wein- 
reb). Variability of height measure- 
ments of the peripapillary retina of 
normal and glaucomatous eyes 
plotted against age of subject (nor- 
mal eyes, open square; glaucoma- 
tous eyes, closed square). 
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Miller and Caprioli demonstrated that by 
choosing the three reference points of the reti- 
nal plane from standardized areas on the peri- 
papillary retina there was an improvement of 
the height measurement variability of the 
Rodenstock Analyzer. A similar technique 
could be used with the laser tomographic scan- 
ner. Third, by reducing the number of measur- 
ing areas (by averaging the height values of 
several pixels), the sensitivity to minimal misa- 
lignment of the five topographic images of each 
subject would be greatly reduced, and a signifi- 
cant improvement of the variability data could 
be expected. 

Previous reports of optic nerve head topogra- 
phy have relied upon data obtained by instru- 
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Fig. 6 (Dreher, Tso, and Wein- 
reb). Variability of height measure- 
ments of the optic nerve head and 
peripapillary retina plotted against 
pupil size (normal optic nerve 
head, open circle; normal peripap- 
illary retina, open square; glauco- 
matous optic nerve head, closed 
circle; glaucomatous peripapillary 
retina, closed square). 


ments that averaged height over an area corre- 
sponding to several pixels. In contrast, the laser 
tomographic scanner examines each pixel indi- 
vidually. The standard deviations we found are 
a measure of the variability with which the 
height of an area as small as 15 X 15 um can be 
determined with one single measurement. By 
using areas larger than this, the reproducibility 
of the height measurement of this area is im- 
proved at the cost of decreased lateral resolu- 
tion. Dandona, Quigley, and Jampel" reported 
the spacing between measuring locations to be 
approximately 100 x 100 pm (150 to 250 loca- 
tions within optic nerve) for the Humphrey 
Retinal Analyzer (Allergan Humphrey, San 
Leandro, California). The same measuring area 


Fig. 7 (Dreher, Tso, and Wein- 
reb). Variability of height measure- 
ments of the optic nerve head and 
peripapillary retina plotted against 
cup/disk ratio (normal optic nerve 
head, open circle; normal peripap- 
illary retina, open square; glauco- 
matous optic nerve head, closed 
circle; glaucomatous peripapillary 
retina, closed square). 
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size of 100 X 100 um is used with the Roden- 
stock Analyzer (G. Rodenstock Instrumente, 
Inc., Munich, Germany) as reported by Miller 
and associates.” Aecording to Lim, Taylor, and 
Simmons,” the Imagenet Analyzer (Topcon In- 
strument Corporation of America, Paramus, 
New Jersey) calculates the height within the 
optic nerve head at approximately 600 individ- 
ual locations from which a measuring area of 
approximately 50 x 50 um can be estimated. 
The variability we found for height measure- 
ments with the laser tomographic scanner, 
therefore, cannot easily be compared with re- 
sults found in previous reports. Furthermore, 
the variability as defined in most of these earli- 
er reports depends on the number of repeated 
measurements. Dandona, Quigley, and Jam- 
pel reported their findings as 95% confidence 
intervals that are based on ten repeated meas- 
urements per eye. They found pooled 95% 
confidence interval sizes (averaged over a 
group of ten subjects) from 165.6 um for depth 
measurements in healthy eyes to 232.0 wm in 
glaucomatous eyes with a total range of 118.0 
to 392.0 pm over all subjects. From these data, 
the corresponding range of standard deviations 
can be estimated to be from 26 to 85 um. Lim, 
Taylor, and Simmons” reported the average 
95% confidence interval for individual depth 
measurements in the optic nerve head as 280 
wm. The number of repeated measurements 
was not reported and, therefore, one cannot 
estimate the standard deviation. Miller and 
associates” reported a standard deviation of 38 
um for fundus depth measurements at the peri- 
papillary retina and a standard deviation of 61 
wm for measurements within the optic nerve 
head. 

Laser tomographic scanning is a rapid and 
convenient method for acquiring topographic 
information of the fundus. The variability of 
the height measurements is comparable to 
other methods with the advantage of a higher 
lateral resolution. The independence of the 
height measurement variability from pupil size, 
cup/disk ratio, and fundus location should 
make this technique clinically useful. 
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OPHTHALMIC MINIATURE 

It is not that I wanted to know a great deal, in order to acquire what is now 
called expertise, and which enables one to become an expert-tease to 
people who don’t know as much as you do about the tiny corner you have 
made your own. I hoped for a bigger fish; I wanted nothing less than 
Wisdom. In a modern university if you ask for knowledge they will provide 
it in almost any form—though if you ask for out-of-fashion things they may 
say, like the people in shops, “Sorry, there’s no call for it.” But if you ask for 
Wisdom—God save us all! What a show of modesty, what disclaimers from 
the men and women from whose eyes intelligence shines forth like a 
lighthouse. Intelligence, yes, but of Wisdom not so much as the gleam of a 


single candle. 


Robertson Davies, The Rebel Angels 
New York, Penguin Books, 1982, p. 38 





Mucogenic Secondary Open-Angle Glaucoma in Diffuse 


Epithelial Ingrowth Treated by Block-Excision 





Michael Kiichle, M.D., and Gottfried O. H. Naumann, M.D. 


We treated a 40-year-old man with an acute, 
unilateral, open-angle glaucoma caused by a 
gelatinous translucent material in the ante- 
rior chamber. A clinical diagnosis of muco- 
genic secondary open-angle glaucoma caused 
by diffuse epithelial ingrowth after ocular 
trauma one year earlier was suspected, but a 
primary or secondary ciliary body or iris neo- 
plasm could not be ruled out. A curative 9-mm 
block-excision was performed. Six years later, 
intraocular pressure was normal, and the vis- 
ual function was unchanged. Light and elec- 
tron microscopy disclosed an island of diffuse 
columnar epithelium with numerous goblet 
cells on the iris surface and copious mucinous 
material extending into the trabecular mesh- 
work. 


A variety oF CELLS and matter can obstruct the 
ocular outflow passages, which produces an 
increase in intraocular pressure and leads to the 
various forms of secondary open-angle glauco- 
ma.! A particular form of open-angle glaucoma 
caused by mucus occluding the trabecular 
meshwork has been described by Layden, 
Torczynski, and Font’ from an iris biopsy and 
named mucogenic glaucoma. 

We studied the clinical and histopathologic 
findings of a patient with posttraumatic, muco- 
genic, secondary open-angle glaucoma that was 
cured by block-excision. 


Case Report 


A 40-year-old man had a painful red left eye 
and rapidly deteriorating vision. The patient 
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recalled having a foreign body injury, possibly 
a metal or vegetable matter foreign body, to his 
left eye one year earlier while grinding a piece 
of metal, but he did not consult an ophthalmol- 
ogist at that time. When we first examined the 
patient in August 1983, best-corrected visual 
acuity was R.E.: 20/20 and L.E.: 20/700. Intra- 
ocular pressure by applanation tonometry was 
R.E.: 14 mm Hg and L.E.: 45 mm Hg. Slit-lamp 
examination, gonioscopy, and ophthalmoscopy 
of the right eye disclosed no abnormalities. The 
right optic disk appeared normal with a cup/ 
disk ratio of 0.2. The red left eye showed a 
diffuse corneal edema particularly in the upper 
nasal quadrant without evidence of corneal 
scarring. Gonioscopically, the chamber angle 
was open and the anterior chamber contained a 
gelatinous translucent material and cells locat- 
ed on the iris between the pupillary area and 
the chamber angle in the nasal upper quadrant 
(Fig. 1). The lens was clear. On transillumina- 
tion there was no gross extension of the lesion 
beyond the pars plicata of the ciliary body. The 
optic disk was atrophic with glaucomatous cup- 
ping and a cup/disk ratio of 0.9 to 1.0. The 
retina was attached and showed several small 
intraretinal hemorrhages in the midperiphery. 
On visual field testing using a Goldmann pe- 
rimeter, there was a large absolute scotoma of 
the central area as well as the superotemporal, 
superonasal, and inferonasal quadrant with an 
island of vision in the inferotemporal quadrant 
extending from 20 to 70 degrees distance from 
the center. 

The initial differential diagnoses included 
metastatic carcinoma, nonpigmented malig- 
nant melanoma, ciliary epithelial tumor (me- 
dulloepithelioma), and epithelial ingrowth. 
General examination did not disclose a primary 
tumor or any other abnormality. A presumed 
diagnosis of diffuse epithelial ingrowth with 
mucogenic glaucoma was made, and in August 
1983, a 9-mm block-excision of the iris lesion, 
including pars plicata, sclera, and cornea of the 
nasal upper quadrant, was performed. The de- 
fect was covered with a tectonic corneal graft 
according to the previously described tech- 
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Fig. 1 (Küchle and Naumann). Preoperative ap- 
pearance of right eye showing a hazy, gelatinous, 
translucent material (arrows) in the anterior chamber 
that makes the iris surface appear somewhat blurred. 


nique.** The operative and postoperative 
course were unremarkable. Postoperatively, in- 
traocular pressure of the left eye was regulated 
and has remained normal without antiglauco- 
ma medication. Visual acuity and visual field 
remained unchanged as a result of the glauco- 
matous optic atrophy. 

The patient was last examined in July 1989, 
almost six years after surgery, when he was 
comfortable and pain free. Visual acuity was 
R.E.: 20/20 and L.E.: 20/700. Intraocular pres- 
sure by applanation tonometry was R.E.: 17 





mm Hg and L.E.: 14 mm Hg. The left eye 
showed a marked afferent pupillary defect. The 
corneal transplant was centrally clear and 
showed some scarring and vascularization near 
the corneoscleral limbus. There was an opera- 
tive sector coloboma of the iris in the nasal 
superior quadrant. The anterior chamber was 
clear. The chamber angle was open. The lens 
was in place and showed some posterior sub- 
capsular opacities but was clear otherwise. Ex- 
amination of the optic disk and visual field 
testing of the left eye disclosed advanced glau- 
comatous damage that was unchanged from the 
preoperative findings in August 1983. 


Results 


The excised tissue of 9-mm diameter consist- 
ed of cornea, sclera, pars plicata of the ciliary 
body, iris, and a gray material in the anterior 
chamber, and the chamber angle (Fig. 2) and 
was sectioned in halves. 

Histologically, the structures of the anterior 
chamber sinus were open. The iris surface was 
partially covered by multilayered nonkeratiniz- 
ing stratified columnar epithelium that contain- 
ed many goblet cells (Figs. 3 and 4). The cham- 
ber angle and trabecular meshwork were 
covered by a mucinous structure that showed 
positive staining for colloidal iron, periodic 
acid-Schiff, and mucicarmine and was resistant 
to hyaluronidase. Adjacent to the epithelial 


Fig. 2 (Kachle and Naumann). Photomi- 
crograph of excised tissue. Mucinous mate- 
rial (arrows) is found on the iris surface 
(star) and in the anterior chamber extending 
into the chamber angle. The chamber angle 
itself is freely accessible (arrowheads) (peri- 
odic acid-Schiff, x 15). 
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island, a foreign body of approximately 500 pm 
was present. In serial sections, there was no 
evidence of epithelial lining of the trabecular 
surface, and no scar of a perforating injury 
could be demonstrated. 

Transmission electron microscopy showed 
the iris covered by columnar epithelium with 
microvilli and numerous goblet cells secreting 
mucin (Figs. 5 and 6). There were mucin drop- 
lets between the trabecular meshwork (Fig. 7) 





ote Fig. 3 (Kichle and Naumann). 


Photomicrograph showing colum- 
nar epithelium on iris surface (ar- 
rows) and gelatinous material (star) 
in the anterior chamber. The cham- 
ber angle is open (arrowheads) (he- 
matoxylin and eosin, X 40). 
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and numerous amorphous inclusions within 
the endothelial lining of the trabecular mesh- 
work. No viable epithelial cells were seen on or 
within the trabecular meshwork. 

The final histologic diagnoses were the fol- 
lowing: epithelial ingrowth on the iris with 
massive mucus production; secondary muco- 
genic open-angle glaucoma without epithelial 
lining of the trabecular meshwork; and intraoc- 
ular foreign body on the iris surface. 


Fig. 4 (Kuchle and Nau- 
mann). Photomicrograph of 
excised iris. Note multilay- 
ered nonkeratinizing strati- 
fied columnar epithelium (ar- 
rows) containing numerous 
goblet cells (black arrow- 
heads) on iris surface and 
mucinous material (star) 
anterior to the iris. White ar- 
rowheads indicate iris pig- 
ment epithelium (periodic 
acid-Schiff, x 250). 
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Fig. 5 (Küchle and Naumann). Columnar epitheli- 


um covering the iris surface. Note microvilli (arrow) 
and a goblet cell (star) secreting a mucin droplet 
(arrowhead) (Xx 3,400). 


Discussion 


Secondary mucogenic open-angle glaucoma 
seems to be a rare complication of trauma or 
surgery. In contrast to the patient described by 
Layden, Torczynski, and Font,’ in our patient 
the traumatic origin of the lesion seems certain. 
The patient had a foreign body injury to his left 
eye one year before the first examination, and 
the histologic studies disclosed an intraocular 
foreign body on the excised iris, although no 
scar of a perforating wound could be demon- 
strated in serial sections. 

Invasion of conjunctival epithelial cells is a 
serious complication of perforating injuries and 
of intraocular surgery.” The invading epitheli- 
um may either form an epithelial cyst in the 
anterior chamber or grow diffusely on the back 
of the cornea, the iris surface, the trabecular 
meshwork, the ciliary body, and the anterior 
vitreous face.’* The diffuse form of epithelial 
ingrowth is frequently associated with secon- 
dary open-angle glaucoma caused by epithelial 
lining of the trabecular meshwork, with the 
glaucoma sometimes being masked by fistuliza- 
tion of the intraocular epithelium to the ocular 
surface. Diffuse epithelial ingrowth is difficult 
to treat because of frequent recurrence if the 
surgical excision of the invading epithelium is 
incomplete.’?®” 

In our patient, however, the secondary open- 
angle glaucoma was not caused by epithelial 
ingrowth on the trabecular meshwork, as 
proved histologically in serial sections by the 
absence of epithelial lining on the freely acces- 
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Fig. 6 (Küchle and Naumann). Columnar epitheli- 
um with microvilli (arrow) covering the iris surface. 
Note mucin droplets (arrowheads) (X 3,400). 


sible trabecular meshwork. Similar to the previ- 
ous patient with mucogenic glaucoma,” the 
glaucoma apparently originates from copious 
mucous material obstructing the ocular aque- 
ous outflow pathways. By electron microscopy 
we were able to demonstrate numerous amor- 
phous inclusions within the endothelial cells of 
the trabecular meshwork. 

The clinical differential diagnoses in our pa- 
tient included diffuse epithelial ingrowth, non- 
pigmented malignant melanoma, medulloepi- 
thelioma of the ciliary body perforating the iris 
root, and metastatic carcinoma. The history of 
an ocular injury and the clinical findings made 





Fig. 7 (Kuchle and Naumann). Trabecular mesh- 
work with intercellular mucin droplets (star) (X 
8,500). 
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the clinical diagnosis of diffuse epithelial in- 
growth with secondary mucogenic glaucoma 
most likely. As it was impossible clinically to 
evaluate the extent of chamber angle and ciliary 
body involvement of epithelial ingrowth, a 
block-excision of the iris lesion including the 
chamber angle structures, pars plicata, and cor- 
nea was performed to make sure that all im- 
planted epithelium was excised. By excision of 
the epithelial implantation, including the mu- 
cus-producing goblet cells, the source of the 
trabecular blockade was removed, and the glau- 
coma was cured. In reflecting on our case retro- 
spectively and examining the histopathologic 
specimens, however, a local excision of the 
lesion only with the adjacent iris tissue might 
have been sufficient, but this possibility could 
not be foreseen preoperatively when care was 
taken to remove all implanted epithelial cells 
completely. During the follow-up of 71 
months, intraocular pressure was normal and 
no recurrence of mucus-producing epithelium 
occurred in our patient. The visual acuity and 
visual field, however, could not be improved 
because of the preexisting glaucomatous optic 
atrophy. 

In contrast to diffuse epithelial ingrowth, 
secondary mucogenic open-angle glaucoma 
seems to be rare. The factors causing mucogenic 
glaucoma or making an eye susceptible to it are 
not completely understood. Definitively, a sub- 
stantial number of conjunctival epithelium- 
containing goblet cells must be implanted into 
the anterior chamber for mucogenic glaucoma 
to develop. The growth and mucus production 
of goblet cells might be influenced, and possi- 
bly enhanced, by local or humoral factors in the 
eye.” 

In patients with subacute or acute open-angle 
glaucoma after an ocular injury, mucogenic 
glaucoma should be included in the differential 
diagnosis. Clinical findings of mucogenic glau- 
coma include an open chamber angle, a gelati- 
nous mass on the iris, and a hazy, mucinous 
substance in the anterior chamber and the 
chamber angle. It is important that mucogenic 
glaucoma be diagnosed early before irreversi- 
ble glaucomatous changes have occurred, be- 
cause it can be cured by complete surgical 
excision of the mucus-producing tissue if less 
than 150 degrees of the circumference of the 
chamber angle are involved. 
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PERSPECTIVES 





Automated Perimetry in Glaucoma 


Joseph Caprioli, M.D. 


The realization that measurements of intra- 
ocular pressure have limited value to diagnose 
glaucoma has accentuated the importance of 
evaluating the structural and functional abnor- 
malities caused by glaucoma. The contempo- 
rary care of patients with glaucoma requires 
careful, sequential recordings of the visual field 
and the appearance of the optic disk. Automat- 
ed perimetry is a ready means to obtain stand- 
ardized, quantitative measurements of the vis- 
ual field, has prompted valuable clinical 
research, and has improved the care of patients 
with glaucoma. 

Static threshold measurements are sensitive 
to shallow depressions of the visual field. This 
increases the detection rate of early glaucoma- 
tous defects compared to routine manual tech- 
niques.’” Although static threshold measure- 
ments are not new to practitioners, the 
computerized format and the generation of a 
large amount of numeric data present new chal- 
lenges. The increased sensitivity of the method 
has increased the “noise” of the measurements 
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and demands careful attention to the many 
variables that may affect the measured thresh- 
old. Visual field measurements should never be 
interpreted in the absence of other clinical 
information. It is necessary to integrate intraoc- 
ular pressure, appearance of the optic nerve, 
and other ocular, systemic, historical, and so- 
cial factors when making decisions about diag- 
nosis and therapy. 

The mainstay of automated glaucoma testing 
has been the central 30-degree field programs. 
In patients with advanced visual loss, programs 
designed to test a small area of central field 
with high resolution are time-efficient since 
nonseeing areas are not tested and seeing areas 
are tested with high resolution. Measurements 
of the peripheral nasal field may detect early 
defects in glaucoma when none are present in 
the central 30 degrees, an event that occurs at 
the rate of 10% to 15%.°’ Computerized kinetic 
perimetry has recently been introduced and 
initial reports are encouraging, but its reliabili- 
ty and reproducibility have yet to be estab- 
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lished.®? The most time-efficient way to test the 
peripheral field in glaucoma has yet to be deter- 
mined. 

The differential light sensitivity begins to 
decrease at an early age (20 years) and contin- 
ues to decrease at a fairly constant rate through- 
out life.” The decline of sensitivity is location- 
dependent: the sensitivity of the peripheral 
field decreases more than that of the central 
field. The profile of visual sensitivity thus be- 
comes steeper in the periphery with age. The 
variability of responses in normal individuals is 
greater in the periphery than in the center.” 
The difference between a measured value for 
the patient and a normal value must therefore 
be greater in the periphery than in the central 
field if the difference is to be considered signifi- 
cant. Variability may also increase with age, 
though this effect remains uncertain.” 

Patient reliability is an important initial con- 
sideration when interpreting visual fields. This 
may be assessed by the rates of false-positive 
and false-negative answers; the operator's as- 
sessment of reliability; the fluctuation of re- 
peated threshold measurements; the number of 
fixation losses; and the number of stimulus 
presentations required to complete a visual 
field examination. A simplified scheme to gauge 
patient reliability is presented in Table 1. The 
operator must adequately explain the testing 
procedure and encourage patient cooperation 
and alertness during the examination if reliable 
results are to be obtained. 

Abnormalities of the visual field can be rec- 
ognized in two ways: by point-by-point com- 
parison with data from normal individuals of 
similar age, and by comparison with thresholds 
in adjacent areas of the visual field, in the 
opposite hemifield of the same eye, or in the 
visual field of the contralateral eye. Criteria for 
abnormality must remain pliable by other clini- 
cal considerations. Rigid criteria will lead to 
overdiagnosis of visual field defects in some 
and underdiagnosis in others. The criteria 
should depend on one’s level of suspicion for 
glaucomatous optic nerve damage. If strict cri- 
teria are used, specificity for glaucomatous de- 
fects will be high but sensitivity will be low; if 
one uses liberal criteria, sensitivity will be high 
but specificity will be low. Examples of graded 
criteria are provided as a framework for inter- 
pretation (Table 2) but should not be used as an 
imperative set of rules. A repeat examination 
should be performed whenever possible to con- 
firm the presence of a new or subtle defect, 
especially when the presence of such a defect 
may prompt a surgical decision. 


TABLE 1 
VISUAL FIELD RELIABILITY SCORE 


LL 


CRITERIA SCORE 


1) Rate of false-negative catch trials 
(if < 8 trials, score = 0) 


> 10% and < 20% 1 
=> 20% and < 30% 2 
=> 30% 3 


2) Rate of false-positive catch trials 
(if < 8 trials, score = 0) 
> 20% (= 8 trials) 1 
3) Subjective grading of performance 
by perimetrist 


Good to excellent 0 
Fair 1 
Poor 2 
Terrible 3 
4) Short-term fluctuation 
> 4.0 dB 1 
5) Fixation losses 
> 15% of trials 1 
6) Total number of stimuli* 
> 550 (for standard 30-degree programs) 1 
> 400 (for standard 24-degree programs) 1 


The maximum total score is 10. 
Score = 0 — Reliable 
Score = 1-2 — Probably reliable 
Score = 3-5 — Results suspect 
Score > 5 — Interpret with great caution 


LL 


*Note that eyes with advanced abnormalities will require 
more stimuli to complete the examination than eyes with little or 
no defect. 


The classic glaucomatous visual field defects 
are often preceded by widespread, shallow de- 
pressions throughout the visual field, though 
the concept of uniform diffuse depression in 
early glaucoma is debated." Diffuse depres- 
sion is not specific for glaucoma and is fre- 
quently caused by media opacity, inaccurate 
refraction, miosis, retinal disease, or poor test 
performance. Computer-assisted comparisons 
with normal data may help identify early glau- 
comatous defects. Probability maps that take 
regional variability into account are most help- 
ful." The visual field indices mean defect (or 
mean deviation), corrected loss variance (or 
corrected pattern standard deviation), and 
short-term fluctuation, originally introduced 
by Flammer and associates,” seem useful to 
evaluate sequential examinations” but may not 
be suited to detect the earliest glaucomatous 
defects.” 
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TABLE 2 
EXAMPLES OF CRITERIA FOR ABNORMALITY 
(CENTRAL 30 DEGREES) 





Strict 
= 4 adjacent points of = 5 dB loss* each 
= 3 adjacent points of = 10 dB loss* each 
Difference of = 10 dB across nasal horizontal meridian 
at = 3 adjacent points 
Exclusions: physiologic blind spot; superior and 
inferior rows 
Moderate 
= 3 adjacent points of = 5 dB loss* each 
= 2 adjacent points of = 10 dB loss* each 
Difference of = 10 dB across nasal horizontal meridian 
at = 2 adjacent points 
Exclusions: physiologic blind spot; superior and 
inferior rows 
Liberal 
= 2 adjacent points of = 5 dB loss* each 
= 1 adjacent point of = 10 dB loss* each 
Difference of = 5 dB across nasal horizontal meridian 
at = 2 adjacent points 





*Loss is relative to normal values or to values of surrounding 
points. For probability maps that compare measured thresholds 
to normal values one may substitute P < .05 for 5 dB loss, and P 
< .01 for 10 dB loss. 


Careful comparison of sequential visual 
fields often appropriately directs glaucoma 
treatment. Knowledge of the conditions under 
which valid comparisons can be made is essen- 
tial. It is best to avoid changes in treatment, 
whenever possible, based on the comparison of 
only two visual fields. A series of examinations 
may show the true course of the disease when 
only two examinations would be misleading. 
There are no generally accepted criteria for 
progression of defects, but some guidelines can 
be offered. A new, confirmed defect that meets 
reasonable criteria for abnormality can be con- 
sidered progression. In areas of a previous 
defect, a further decrease in the threshold of 
greater than or equal to 5 dB would be sugges- 
tive, whereas a decrease of greater than or 
equal to 10 dB can usually be considered a 
significant change. 

A number of confounding variables make the 
interpretation of visual fields difficult, particu- 
larly for progression. The differentiation of 
long-term fluctuation (test-retest variation) 
from true progression of visual field loss re- 
mains one of the important challenges in mod- 
ern perimetry. Long-term fluctuation in glauco- 
matous eyes increases with the depth of the 


defect and with distance from fixation.”’* The 
comparison of sequential visual fields is en- 
hanced if these factors are considered. Comput- 
er-assisted analyses have been developed to 
evaluate sequential visual field examinations 
for evidence of progression beyond that which 
might be explained, at a given level of probabil- 
ity, by long-term fluctuation. The practitioner 
must be cautioned, however, that statistical 
significance should not be equated with clinical 
significance. 

Changes in pupil area by a factor of four or 
more can significantly affect the visual field, 
and may be exaggerated in the presence of even 
minor media opacities. Pupil size should be 
measured and recorded at every visual field 
examination; when it is less than 3.0 mm, 
patients’ pupils should be dilated before testing 
whenever possible. When this is not possible, 
examinations should be repeated at the same 
pupil size. 

Cataract can have a profound effect on mea- 
sured visual thresholds, especially in the pres- 
ence of a small pupil. A subjective evaluation of 
the media is useful, but such evaluations are 
rarely sensitive enough to detect small changes 
that can significantly affect visual field meas- 
urements. Quantitative measurements of light 
scattering by the crystalline lens may be help- 
ful.” In difficult situations in which changes in 
media clarity have occurred, it helps to corre- 
late apparent deterioration of the visual field 
with change in optic nerve appearance. Stereo- 
photographs of the optic disk are indispensable 
in this regard. 

Refractive errors of only one diopter can 
cause a significant decrease of measured central 
visual thresholds.*”** Aphakic eyes are best test- 
ed after placement of contact lenses, since 
aphakic spectacle correction induces significant 
peripheral artifact. 

The results of psychophysical tests generally 
improve as subjects gain experience. This 
learning effect is small in most patients who 
have previous experience with manual perime- 
try, but some patients still show a dramatic 
improvement on their second automated test 
compared to their first. The variability of test 
results decreases significantly with experi- 
ence.” Whenever possible, the patient’s second 
visual field test should be used as a baseline for 
subsequent comparisons. 

The weight given to perimetric findings in 
decision making depends on the reliability of 
the patient, the visibility and appearance of the 
optic nerve, the level and trend of intraocular 
pressure, and ocular, systemic, historical, and 
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social factors. Computerized static threshold 
perimetry has increased the validity of routine- 
ly performed visual field examinations. It has 
made comparisons of multiple examinations 
more meaningful, but also more problematic. 
Automated perimetry has properly shifted the 
emphasis away from intraocular pressure meas- 
urements and toward the visual field in the 
diagnosis and treatment of glaucoma. Perimet- 
ric results, when they are reliable, should play 
prominently in the minds of practitioners when 
making diagnostic and therapeutic decisions. 

Future work to enhance the value of automat- 
ed perimetry will undoubtedly include the de- 
velopment of summary indices with improved 
sensitivity and specificity for early glaucoma- 
tous defects; better strategies to differentiate 
true progression from long-term fluctuation; 
and time-saving testing algorithms with accept- 
able detection rates for early defects. Automat- 
ed perimetry has, perhaps, provided more 
questions than answers about the early func- 
tional abnormalities in glaucoma. The sensitiv- 
ity of the technique has made us more aware of 
the “noise” inherent in psychophysical testing; 
improved techniques to separate the “signal” 
from the “noise” must be developed. 
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From the Department of Ophthalmology and Visual 
Science, Glaucoma Service, Yale University School of 
Medicine, New Haven, Connecticut. 

Reprint requests to Joseph Caprioli, M.D., Department 
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Microwave Thermotherapy for 
Choroidal Hemangioma 


Paul T. Finger, M.D., 

Robert W. Paglione, M.E.E., 

and Samuel Packer, M.D. 

Division of Ocular Tumor and Orbital Disease, De- 
partment of Ophthalmology, North Shore University 
Hospital—Cornell University Medical College (P.T.F., 
S.P.), and David Sarnoff Research Center, Inc., SRI 


International (R.W.P.). Mr. Paglione has a proprie- 
tary interest in the microwave applicator. 


Inquiries to Paul T. Finger, M.D., Department of Oph- 
thalmology, North Shore University Hospital—Cornell 
University Medical College, 300 Community Dr., Man- 
hasset, NY 11030. 

Microwave hyperthermia (heat) has been 
used with iodine-125 plaque irradiation to treat 
patients with choroidal and ciliary body mela- 
nomas.! One of the reasons why heat was cho- 
sen as an adjuvant to radiation therapy was 
because low-level heating over time has been 
shown to be capable of causing vascular dam- 
age within a tumor.” 

In treatment of choroidal hemangiomas, scat- 
ter photocoagulation has been used by Anand, 
Augsburger, and Shields’ to reattach the retina 
in 19 of 24 eyes. Of these 24 eyes, ten (40%) 
required retreatment for recurrence of subreti- 
nal fluid. A good visual prognosis was believed 
to be maintainable in only 30% of cases. Scatter 
photocoagulation heats random spots on the 
surface of a leaking choroidal hemangioma. In 
contrast, episcleral application of a dish- 
shaped microwave plaque could preferentially 
heat the entire base of the tumor and therefore 
target its entire vascular supply (Figure). 





We used the microwave applicator to treat a 
patient with a choroidal hemangioma. The con- 
struction and function of our microwave appli- 
cator has been previously described.’ A 61- 
year-old women had a circumscribed choroidal 
hemangioma 8.0 x 8.0 mm in basal diameter, 
3.2 mm in height, with its posterior margin 2.0 
mm from her left fovea. Visual acuity was 
20/40 in both eyes. The patient had been ob- 
served for 18 months when she returned with 
decreased vision. Ophthalmic examination dis- 
closed visual acuity of L.E.: 20/100, a serous 
retinal detachment extending to the fovea, mac- 
ular edema, and an exudate below the fovea. 
Ultrasonography disclosed an apical tumor 
spike of 4.4 mmand high intratumor reflectivity. 

The risks and benefits of laser compared with 
microwave thermotherapy were discussed in 





Figure (Finger, Paglione, and Packer). Ultrasono- 
gram (transverse section) showing the choroidal 
hemangioma and the relative position and direction 
of heating (black arrows) provided by a microwave 
applicator drawn onto the photograph for demon- 


stration (white arrow). 
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detail. The patient was informed that she would 
be the first patient treated with microwave ther- 
motherapy for choroidal hemangioma. In an 
operative procedure the lateral rectus muscle 
was disinserted, and transillumination was per- 
formed to define the tumor margins. The edges 
of the tumor were marked on the sclera with 
tissue dye, then a dish-shaped microwave 
plaque was affixed to cover the entire base of 
the tumor. The 10.0-mm thermal zone was 
offset to avoid direct heating of the fovea. The 
tumor was heated to a field-off episcleral temp- 
erature of 47 C for 45 minutes.” 

After microwave thermotherapy, visual acu- 
ity in the left eye was corrected to 20/50 at two 
months and 20/30 at six months. Two years 
after treatment, visual acuity decreased to 20/ 
50. Ophthalmic examination showed a mild 
nuclear cataract, whereas fluorescein angiogra- 
phy showed diffuse intratumoral leakage, mild 
cystoid macular edema, and no new fluid exten- 
sion to the fovea. The decreased visual acuity 
was attributed to a combination of the lenticu- 
lar disease and macular edema. 

In contrast with photocoagulation, episcleral 
microwave thermotherapy was a surgical proce- 
dure designed to heat the base of the tumor and 
therefore target its vascular supply in a more 
uniform fashion. Clearly, in cases in which 
there is a large retinal detachment and scatter 
photocoagulation is not possible, microwave 
thermotherapy offers an alternative to intraocu- 
lar surgery, diathermy, or both. 
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Disk Neovascularization in Chronic 
Anterior Uveitis 


John M. Pach, M.D., 
David C. Herman, M.D., 
James A. Garrity, M.D., 
and Paul H. Kalina, M.D. 


Department of Ophthalmology, Mayo Clinic and 
Mayo Foundation. 
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Foundation, 200 First St. S.W., Rochester, MN 55905, 

Optic disk neovascularization is known to 
occur in chronic posterior inflammatory condi- 
tions.’ It has been recently reported to occur in 
chronic iridocyclitis associated with juvenile 
rheumatoid arthritis.” We treated two patients 
with disk neovascularization and chronic anter- 
ior uveitis associated with the HLA-B27 haplo- 
type who did not meet the diagnostic criteria 
for juvenile rheumatoid arthritis.’ 


Case 1 

In August 1982, a 13-year-old girl had a 
one-year history of a smoldering anterior uve- 
itis in the right eye, which was treated with 
topical, periocular, and oral corticosteroids. 
Visual acuity was 20/20 in each eye. The right 
eye had diffuse keratic precipitates, moderate 
anterior chamber cell and flare, and moderate 
anterior vitreous cells. The left eye was normal. 
Results of fundus examinations of both eyes 
were normal. Results of general medical exami- 
nation were within normal limits, except for 





Fig. 1 (Pach and associates). Case 2, right eye. 
Recurrence of disk neovascularization in September 
1988. 
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mild joint swelling of the left knee, which 
persisted for less than six weeks and did not 
recur. Laboratory results disclosed the presence 
of HLA-B27 antigen and negative results of an 
antinuclear antibody test. Despite topical and 
low-dose oral corticosteroids, a smoldering, 
low-grade anterior uveitis persisted in the right 
eye. 

In April 1983, neovascularization was noted 
on the right disk. Fluorescein angiography 
showed no evidence of capillary nonperfusion 
posteriorly. As the inflammation subsided with 
topical therapy, the disk neovascularization re- 
gressed. 

In January 1987, the patient developed a 
small, localized vitreous hemorrhage secon- 
dary to recurrent disk neovascularization that 
regressed after treatment with a periocular cor- 
ticosteroid injection. She subsequently devel- 
oped increased intraocular pressure, which 
persisted after three failed filtering procedures. 

In January 1989, visual acuity was no light 
perception in the right eye because of glauco- 
matous optic atrophy. 


Case 2 

In January 1985, a 15-year-old girl had a 
one-year history of a smoldering uveitis in the 
left eye and a one-month history of iritis in the 
right eye. She had a history of low back pain 
with several hours of morning stiffness accom- 
panied by stiffness in her hands, neck, and feet. 
Visual acuity was R.E.: 20/25 and L.E.: 20/30. 
Keratic precipitates were noted in both eyes, 
worse in the right eye. The anterior chambers 
were deep with moderate cells in the right eye 
and mild cells in the left eye. Extensive posteri- 
or synechiae were present in the left eye. Re- 
sults of fundus examinations were unremarka- 
ble, except for mild anterior vitreous cells in the 
left eye. Laboratory testing disclosed the pres- 
ence of HLA-B27 antigen, positive results of an 
antinuclear antibody test (1:640), and a nonre- 
active rheumatoid factor test. She was initially 
treated with systemic prednisone and topical 
corticosteroids with a favorable response. 

In July 1987, the inflammation worsened with 
moderate cell and flare in the anterior chambers 
in both eyes. In October 1987, disk neovascu- 
larization developed in the right eye, which 
regressed with periocular and topical cortico- 
steroids. 

In September 1988, the disk neovasculariza- 
tion recurred in the right eye (Fig. 1) and 
regressed with topical corticosteroid therapy 
(Fig. 2). Fluorescein angiography demonstrated 
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Fig. 2 (Pach and associates). Case 2, right eye. 
Regression of disk neovascularization after treatment 
with topical corticosteroids in November 1988. 


the neovascularization but did not show capi- 
llary nonperfusion posteriorly. 


In both of our patients, the inflammation was 
primarily confined to the anterior segment. Flu- 
orescein angiography did not disclose capillary 
nonperfusion. In each patient, disk neovascu- 
larization responded to intensified medical 
therapy that reduced the ocular inflammation.’ 
Neither patient met the accepted criteria for 
juvenile rheumatoid arthritis.’ Severe anterior 
segment inflammation in children and young 
adults may promote posterior segment neovas- 
cularization regardless of the type of underly- 
ing systemic disease. 
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Retinal Vasculitis With Proliferative 
Retinopathy in a Patient With 
Evidence of Borrelia burgdorferi 
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Lyme disease is an immune-mediated, multi- 
system disorder named after the first descrip- 
tion of an endemic arthritis that occurred 
around Lyme, Connecticut.! Lyme disease is 
caused by the spirochete Borrelia burgdorferi, 
which is transmitted by the Ixodidae ticks.? The 
common symptoms are erythema migrans, oli- 
goarthritis, and neurologic and cardiac abnor- 
malities. Since patients may have ocular in- 
volvement in the second or third clinical stages, 
ophthalmologists should be aware of the ocular 
manifestations, such as conjunctivitis, iridocy- 
clitis, retinal vasculitis, choroiditis, and optic 
neuritis.’* 

A 43-year-old man had a four-week history of 
blurred vision because of recurrent vitreous 
hemorrhage in the left eye. Visual acuity was 
20/20 in both eyes. Intraocular pressure was 15 
mm Hg in each eye by applanation tonometry. 
In the left eye, a corneal scar caused by a 
previous foreign body injury was noted. In both 
eyes, vitreous cells, vessel sheathing and occlu- 
sions, and patchy intraretinal hemorrhages 
were present. In the right eye, a small parafo- 
veolar chorioretinal scar and a peripheral pre- 
retinal neovascularization at the 3 o'clock 
meridian were found at the border of a nonper- 
fused area. In the left eye, vitreous hemorrhage 
and neovascularization at the optic nerve head, 
the superotemporal vascular arcade, and in the 
periphery at the 6 o'clock to 7 o'clock meridian 
were found. There was wrinkling of the inner 
retinal surface because of traction from the 
neovascularization (Fig. 1). Fluorescein angiog- 
raphy disclosed peripheral vessel closure with 





Fig. 1 (Lang, Schönherr, and Naumann). Vitreous 
hemorrhage (arrows), preretinal neovascularization 
(arrowhead), and wrinkling of the inner retinal sur- 
face (star). 


areas of nonperfusion in both eyes. Leakage of 
dye was found from the neovascularization 
(Fig. 2). 

The patient remembered having a tick bite 
one year previously. He also had pain in the 
joint of his right knee and in his wrists. On 
physical and X-ray examinations, sarcoidosis 
was ruled out, supported by an angiotensin- 
converting enzyme level of 19 U/ml. Differen- 
tial blood cell count showed a slight leukocyto- 
sis of 12,600/nl. Results of laboratory tests for 
HLA-B27 were positive. The indirect Coombs’ 
test for free serum antibodies was negative. 
Results of tests for DNA antibodies, anticyto- 
plasmic antibodies, and antiphospholipid anti- 
bodies were negative. The results of serologic 





Fig. 2 (Lang, Schönherr, and Naumann). Corre- 
sponding fluorescein angiogram showing large areas 
of nonperfusion (arrow) and leakage of dye from the 
neovascularization at the optic disk and retina (ar- 
rowheads). 
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tests for herpes simplex, rubella, coxsackie 
virus, cytomegalovirus, Yersinia species, Salmo- 
nella species, Treponema pallidum, and human 
immunodeficiency virus were negative. Epstein- 
Barr virus IgG immunofluorescence test was 
1:160, the test for IgM was negative, and Toxo- 
plasma gondii immunofluorescence test was 
1:64, which indicated a previous Epstein-Barr 
virus and Toxoplasma species infection. Results 
of the Lyme IgG immunofluorescence test were 
positive with 1:1280 (normal, less than 1:80); 
IgM was 1:10 (normal, less than 1:20). 

The patient was treated with 200 mg of doxy- 
cyclin twice daily for two weeks. Lyme IgG titer 
thereafter decreased to 1:320 and IgM level was 
less than 1:10, which indicated sufficient treat- 
ment. The vessel sheathing, intraretinal hemor- 
rhages, and arthralgia resolved within four 
weeks. We performed a focal laser treatment of 
the preretinal neovascularization in the right 
eye and a panretinal laser treatment in the left 
eye. In the right eye, the neovascularization 
was obliterated. In the left eye, recurrent vitre- 
ous hemorrhage occurred despite laser treat- 
ment with intermittent visual deterioration. 
The clinical course (rapid improvement of reti- 
nal vasculitis and arthralgia) and the decrease 
of the serum Lyme IgG titer after antibiotic 
therapy strongly indicated an infection with B. 
burgdorferi as the cause of the symptoms. In 
patients with retinal vaculitis, Lyme disease 
must be considered under the etiologic differ- 
ential diagnosis. 
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Reported ocular findings in Lyme disease 
include conjunctivitis, papilledema with reti- 
nal hemorrhages, ischemic optic neuropathy, 
cranial nerve palsies, iritis, choroiditis, exuda- 
tive retinal detachments, and nummular and 
interstitial keratitis.“ We treated a patient with 
peripheral ulcerative keratitis presumed secon- 
dary to Lyme disease. 

A 59-year-old woman had a tick bite on the 
left calf in- June 1988 and subsequently 
developed a ring-shaped skin rash and migrato- 
ry arthritis. She developed irritation and dis- 
comfort in the left eye in March 1989. The 
patient was examined on April 7, 1989, and was 
found to have an area of peripheral ulcerative 
keratitis in the nasal aspect of the left cornea 
with surrounding perilimbal vascularization, 
epithelial defect, and stromal infiltrate (Figure). 
Visual acuity was R.E.: 20/25 and L.E.: 20/25. 
Corneal scrapings plated on sheep blood agar, 
chocolate agar, and Sabouraud’s medium re- 
sulted in no growth at 48 hours. An enzyme- 
linked immunosorbent assay for Lyme disease 
by optical density was positive at .151. Results 
of serologic tests for VDRL-fluorescent trepo- 
nemal antibody absorption, antinuclear anti- 
body, rheumatoid factor, and cryoglobulin 
were negative. The patient was treated with 
topical tobramycin and dexamethasone, and 2 g 
of intravenous cefuroxime daily for two weeks. 
The peripheral ulcerative keratitis gradually 
healed with an epithelialized facet and stromal 
thinning adjacent to a vascularized limbal scar. 
The systemic symptoms improved considera- 
bly. The patient had recurrent flare-ups of mi- 
gratory arthritis that were treated with systemic 
cefazolin and prednisone. She was admitted to 
the hospital in December 1989 for severe arthri- 
tis and vasculitis, and a regimen of azathio- 
prine was begun. The patient was last examined 
on June 4, 1990. Visual acuity was R.E.: 20/20 
and L.E.: 20/20. The left corneal ulcer had 
healed with a vascularized scar and an intact 
epithelium. The patient was using nonpre- 
served artificial tear lubricants to the left eye 
four times a day, oral prednisone, and azathio- 
prine. 
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Figure (deLuise and O'Leary). Peripheral ulcera- 
tive keratitis with perilimbal vascularization of left 
eye. 


Corneal involvement in Lyme disease can 
take a number of forms. Multiple, focal, nebular 
opacities at varying levels of the stroma have 
been described.™* Sectoral corneal edema, neo- 
vascularization with scarring, and occasionally 
an accompanying keratouveitis have also been 
described.’ 

The mechanism of peripheral ulcerative kera- 
titis reported in our case is most likely related 
to antigen-antibody deposition in the limbal 
stroma with release of complement secondary 
to vasculitis of the adjacent perilimbal and 
intrascleral blood vessels. Reported findings in 
Lyme disease of hemiparesis, infarction, and 
endarteritis are consistent with vasculitis simi- 
lar to Wegener’s granulomatosis.’ Our patient’s 
hospitalization in December 1989 resulted 
from a clinical diagnosis of vasculitis. We do 
not believe that direct ocular infection was the 
cause, as results of microbiologic cultures and 
VDRL-FTA-ABS serologic tests were negative. 
Other diseases, such as mumps, infectious 
mononucleosis, and herpes simplex, can pro- 
duce an interstitial keratitis, but there was no 
clinical evidence to suggest any of these enti- 
ties. Systemic vasculitis secondary to connec- 
tive tissue disease can cause peripheral ulcera- 
tive keratitis, but serologic tests were negative. 

As Baum and associates’ described, episodic 
recurrences of clinical activity in syphilis are 
believed to be related to the persistence of 
antigen either as living organisms or fragments 
of organisms in treated patients. A similar 
mechanism may obtain in Lyme disease.! The 
Lyme spirochete could act as an antigenic trig- 
ger for a complement-mediated vasculitic event 
at the corneoscleral limbus, an immunological- 
ly active site. In our patient, the peripheral 
corneal ulcer developed and intensified during 





a period of known Lyme arthritis and vasculitis, 
and it resolved promptly once the serologic 
diagnosis was confirmed and intensive systemic 
antibiotic treatment was initiated. Therefore, 
we believe that peripheral ulcerative keratitis 
must be added to the ever-broadening spectrum 
of ocular findings in Lyme disease. 
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Nd:YAG cyclophotocoagulation is being used 
increasingly in the treatment of refractory glau- 
coma. It appears to be both effective and rela- 
tively safe, although complications such as cor- 
neal edema, hyphema, cataract formation, 
recurrent retinal detachment, hypotony and 
choroidal effusion, and vitreous hemorrhage 
have been described in association with this’ 
procedure.’ We treated a patient who developed 
malignant glaucoma after Nd:YAG cyclophoto- 
coagulation. 

A 39-year-old woman was referred to our 
institution for treatment of aphakic uveitic 
glaucoma in her left eye that was unresponsive 
to maximal medical treatment. She had a histo- 
ry of chronic iridocyclitis in the left eye, extra- 
capsular cataract extraction without an intraoc- 
ular lens, trabeculectomy and peripheral 
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Fig. 1 (Hardten and Brown). Appearance of eye 
before Nd:YAG hyaloidotomy showing a shallow 
anterior chamber. 


iridectomy, bleb revision, and cyclocryothera- 
py. Results of examination of the right eye were 
unremarkable. Best-corrected visual acuity was 
20/30 in the left eye. Intraocular pressure was 
32 mm Hg. No bleb was identified, and there 
was no inflammation. A patent basal surgical 
iridectomy was present at the 11 o’clock meridi- 
an, and the anterior chamber was deep. The 
posterior capsule was intact, and scattered syn- 
echiae of the iris to the posterior capsule were 
present. The cup/disk ratio was 0.7. 

Informed consent was obtained from the pa- 
tient. After pretreatment with flurbiprofen and 
dexamethasone and injection of retrobulbar an- 
esthesia, the patient received 20 spots at 8.6 J to 
the inferior 150 degrees of the left eye, 1.5 mm 
posterior to the corneoscleral limbus, using a 
Nd:YAG laser in the free-running, thermal 
mode with a duration of 20 milliseconds and 
with a retrofocus of 3.6 mm. One hour postop- 
eratively, the anterior chamber depth was un- 





Fig. 2 (Hardten and Brown). Appearance of eye 
after Nd:YAG hyaloidotomy showing the immediate 
and marked anterior chamber deepening. 


changed and intraocular pressure was 26 mm 
Hg. 

The patient was treated with atropine 1% 
twice daily, dexamethasone 0.1% four times 
daily. Intraocular pressure fluctuated between 
22 and 44 mm Hg, and the anterior chamber 
progressively became more shallow over the 
next two weeks. When we again examined the 
patient two weeks after the initial procedure, 
visual acuity was 20/40 and intraocular pres- 
sure was 44 mm Hg in the left eye. The anterior 
chamber was shallow centrally, with iris-to- 
cornea touch peripherally (Fig. 1). There was 
only mild anterior chamber inflammation. The 
opacified posterior capsule was bowed forward. 
There was no choroidal effusion detectable. 

At this point, the Nd:YAG laser in the Q- 
switched mode was used to make a central 
opening in the posterior capsule and disrupt the 
anterior hyaloid face. The anterior chamber 
immediately deepened, and intraocular pres- 
sure decreased to 26 mm Hg (Fig. 2). Over the 
next few weeks, the anterior chamber remained 
deep, but intraocular pressure continued to be 
inadequately controlled. This was treated with 
further Nd:YAG cyclophotocoagulation. Two 
months later, intraocular pressure was 14 mm 
Hg, and the examination results and visual 
acuity remained unchanged. 

Malignant glaucoma, or posterior aqueous 
diversion, is a term used to describe a condition 
characterized by a shallow anterior chamber 
with increased intraocular pressure despite a 
patent iridectomy.** We believe the inflamma- 
tion provoked by this procedure likely caused 
swelling and engorgement of the ciliary proc- 
esses, which has been reported to cause central 
and anterior movement of the processes placing 
them in apposition with the peripheral anterior 
hyaloid.’ This configuration could lead to a 
situation where aqueous humor is diverted pos- 
teriorly into the vitreous. The prompt response 
to anterior hyaloidotomy, as described by Ep- 
stein, Steinert, and Puliafito,’ further substanti- 
ates this diagnosis. Nd:YAG cyclophotocoagu- 
lation represents a likely precipitating cause of 
the malignant glaucoma in this patient. The 
possibility of malignant glaucoma as a compli- 
cation of Nd:YAG cyclophotocoagulation 
should be kept in mind, especially as the proce- 
dure becomes more commonly performed. 
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The formation of fibrin clots in the anterior 
chamber of the eye after filtering procedures for 
glaucoma is a well-recognized complication 
that contributes to failure of surgery and to a 
compromise of the structural and functional 
integrity of the eye. Tissue plasminogen activa- 
tor has been used for the rapid lysis of fibrin 
clots after vitrectomy and keratoplasty, as well 
as for the dissolution of a blood clot in conjunc- 
tival filtering blebs.’ We applied tissue plasmin- 
ogen activator for the treatment of massive 
fibrin clots in the anterior chamber and the 
associated obstruction of the sclerectomy filter- 
ing sites in two patients. 

Under sterile conditions, we prepared the 
injectable solution by reconstituting 20 mg of 
lyophilized recombinant tissue plasminogen 
activator in 20 ml of distilled water. Multiple 
aliquots of 50 wl each were drawn into individ- 
ual tuberculin syringes, capped, and stored at 
—90 C. Immediately before injection, the tissue 
plasminogen activator was warmed to room 
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Fig. 1 (Tripathi and associates). Case 1. Anterior 
segment before injection of tissue plasminogen acti- 
vator. An irregular sheet of fibrin clot (arrows) occu- 
pies the central area of the semidilated pupil and 
attaches to the pupillary margin, to the surface of the 
iris, and to posterior synechiae. Strands of fibrin also 
extend to the posterior surface of the cornea. 


temperature, and a 30-gauge needle was at- 
tached to the syringe. 


Case 1 

A 69-year-old black woman underwent an 
uncomplicated extracapsular cataract extrac- 
tion with intraocular lens implantation and 
revision of a posterior lip sclerectomy for pri- 
mary open-angle glaucoma in the right eye. 
Postoperatively, the patient received intensive 
topical corticosteroid and cycloplegic therapy. 
Nevertheless, during Days 3 through 5, a large 
sheet of fibrin clot appeared in the anterior 
chamber (Fig. 1). Concurrently, the conjuncti- 
val bleb became flat and intraocular pressure 
increased from 2 to 21 mm Hg. On Day 6, we 
injected 15 wg of tissue plasminogen activator 
into the right anterior chamber. Within 30 min- 
utes, the fibrin clot dissolved completely, and 
the filtering bleb became elevated (Fig. 2). By 45 
minutes, the intraocular pressure decreased 
from 24 to 12 mm Hg, and it has remained 
stable during six weeks of follow-up. A cystic 
bleb and a clear anterior chamber and cornea 
have also been maintained. 


Case 2 

An 87-year-old black woman underwent an 
uncomplicated extracapsular cataract extrac- 
tion with intraocular lens implantation com- 
bined with posterior lip sclerectomy and pe- 
ripheral iridectomy for primary open-angle 
glaucoma in the right eye. On the fifth postop- 
erative day, despite conventional medical ther- 
apy, a large fibrin clot formed in the anterior 
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Fig. 2 (Tripathi and associates). Case 1. Anterior 
segment after 30 minutes of intracameral injection of 
15 wl of tissue plasminogen activator. The fibrin clot 
and posterior synechiae are lysed completely, and 
the anterior chamber and the pupillary area are 
optically clear (bottom). Superiorły, the conjunctival 
bleb, corresponding to the site of sclerectomy, is 
elevated (top). 


chamber, the filtering bleb flattened, and intra- 
ocular pressure was 22 mm Hg. On Day 6, after 
aspirating 30 ul of aqueous, we injected 25 pg 
of tissue plasminogen activator into the ante- 
rior chamber. Within 25 minutes, the fibrin clot 
had dissolved completely, and intraocular pres- 
sure was 18 mm Hg. The next day, the bleb was 
large and cystic, and intraocular pressure was 3 
mm Hg. A 10% hyphema was present, but this 
resolved within two days, and intraocular pres- 
sure stabilized at 14 mm Hg. After three months 
of follow-up, the condition of the eye remained 
stable, with a cystic bleb amd a clear anterior 
chamber and cornea. 


Filtration procedures for glaucoma often fail 
because of scarring at the surgical site. Fibrin 
clots that occur two to five days after such 
procedures provide a scaffold for the formation 
of scar tissue in the anterior chamber and in the 
fistulization tract. Our results indicate that in- 
tracameral injection of tissue plasminogen acti- 
vator for dissolution of fibrin clot is an effective 
and safe procedure that minimizes the compli- 
cations induced by the clot and, hence, the 
early failure of glaucoma surgery. 
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The use of crack cocaine has been implicated 
in the development of nontraumatic corneal 
epithelial defects.’” We treated a patient who 
smoked crack cocaine regularly and developed 
a fungal Candida albicans corneal ulcer. 

A 27-year-old woman had lacrimation, injec- 
tion, and photophobia in her left eye for two 
weeks. She had smoked crack cocaine every day 
for eight months. Best-corrected visual acuity 
was R.E.: 20/20 and L.E.: 20/50+. On slit-lamp 
examination, the left eye had a 1.5-mm central 
corneal infiltrate with 50% stromal thinning. 
The anterior chamber had a moderate cellular 
reaction and a 2.0-mm hypopyon. Corneal sen- 
sation was markedly decreased. Tear breakup 
time was less than five seconds, and results of 
Schirmer’s testing with topical anesthesia were 
R.E.: 5.0 mm and L.E.: 10.0 mm after five 
minutes. 

Cultures were taken on blood, chocolate, and 
Sabouraud’s dextrose agar. A Gram stain 
showed no organisms. Treatment was begun 
immediately with hourly fortified gentamicin 
sulfate eyedrops (14 mg/ml), fortified cefazolin 
eyedrops (100 mg/ml), and cycloplegics. On 
Day 3, cultures all grew Candida albicans. The 
patient was, therefore, started on a regimen of 
natamycin 5% eyedrops every hour in addition 
to the antibiotic eyedrops. 

On Day 8, the size of the infiltrate remained 
unchanged, and the hypopyon had resolved 
(Fig. 1). The patient continued taking nata- 
mycin eyedrops, and the antibiotics were dis- 
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Fig. 1 (Zagelbaum, Tannenbaum, and Hersh). Can- 
dida albicans corneal ulcer associated with the use of 
crack cocaine. Central stromal thinning (50%) is 
present. 


continued. On Day 18, however, the infiltrate 
had enlarged to 1.5 X 3.5 mm with 50% stromal 
thinning and a new 1.0-mm adjacent corneal 
ulcer was present. Cultures were taken, which 
again grew Candida albicans. Treatment was 
started with miconazole 1% and flucytosine 1% 
solutions alternating every hour and 1.5 g of 
flucytosine orally four times daily. The micona- 
zole and flucytosine eyedrops were continued 
for five weeks with resolution of the infiltrate 
and complete reepithelialization. At the three- 
month follow-up examination, the cornea had a 
1.5 X 3.5-mm scar partially over the visual axis 
with 50% stromal thinning (Fig. 2). Final visual 
acuity was R.E.: 20/20 and L.E.: 20/20. 

Keratomycosis is most common in patients 
with chronic disease, in diseased corneas with 
abnormal epithelium, and in those treated with 
long-term corticosteroids.** Fungal corneal ul- 
cers have also been reported to occur in associa- 
tion with acquired immunodeficiency syn- 
drome.” 

We hypothesize that use of crack cocaine may 
predispose an otherwise healthy patient to in- 
fectious keratitis. A number of possible mecha- 
nisms may account for this susceptibility. First, 
epithelial changes induced directly by crack 
cocaine smoke may decrease the barrier effect 
of the epithelium toward invasive organisms.” 
These changes may be toxic or neurotrophic in 
origin or could conceivably represent a subclin- 
ical alkali burn, given the alkaline nature of 
crack cocaine. Furthermore, the local anesthe- 
sia induced by crack cocaine may disrupt nor- 
mal blink mechanisms and cause an exposure 
keratopathy, predisposing toward subsequent 








Fig. 2 (Zagelbaum, Tannenbaum, and Hersh). Re- 
solved Candida albicans corneal ulcer. 


infection. Physicians should be aware of this 
subset of patients with infectious keratitis who 
may not have any other risk factors for corneal 
infection. 
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Scleritis is an inflammation of the sclera, 
which may occur as anterior or posterior, dif- 
fuse or nodular, or necrotizing or nonnecrotiz- 
ing disease.’ Systemic noncorticosteroidal anti- 
inflammatory agents have been the traditional 
first-line therapeutic agents in cases of nonnec- 
rotizing disease.” Indomethacin and flurbipro- 
fen have proven effective.’” 

We treated two patients with nonnecrotizing 
diffuse scleritis that responded to ketoprofen, a 
noncorticosteroidal antiinflammatory drug that 
also has excellent analgesic properties.”” 


Case 1 

A 47-year-old man had a ten-day history of a 
painful, red right eye. Initial ophthalmic exami- 
nation disclosed severe vascular injection local- 
ized to the lateral quadrant of the right eye. No 
evidence of vascular closure or scleral destruc- 
tion was present. Episcleritis was the initial 
diagnosis, and the patient was given topical 
prednisolone sulfate 1% and 200 mg of ibupro- 
fen orally every six hours. Four days later there 
were no signs of clinical improvement. Local- 
ized tenderness was present, and a diagnosis of 
diffuse nonnecrotizing scleritis was made. The 
patient was given 75 mg of ketoprofen three 
times a day. The other medications were dis- 
continued. Within 24 hours the patient had 
complete relief of pain. Three days later the 
area of vascular injection was markedly re- 
duced. The patient continued to improve over 
the next two weeks and the ketoprofen was 
tapered without recurrence of the disease. 


Case 2 

A 53-year-old woman had an 11-day history 
of a red, painful left eye. The patient had 
rheumatoid arthritis that was treated with 50 
mg of flurbiprofen three times a day. Ophthal- 
mic examination disclosed severe vascular in- 
jection over the lateral quadrant of the left eye. 
There was localized tenderness as well as scler- 
al and episcleral edema in this area. A diagnosis 
of scleritis was made, and the patient was given 
50 mg of ketoprofen three times a day. At the 
same time, the flurbiprofen was discontinued. 
The patient stated that she had relief of pain 
within the 24 hours, and five days later the eye 
was completely asymptomatic. The ketoprofen 
was tapered over the next week and then flurbi- 
profen was resumed for the treatment of her 
arthritis. 


Scleritis often manifests with vascular injec- 
tion, tissue edema, and pain, as demonstrated 
by the findings in our two patients. Scleritis 
may occur as a localized process, or it may be 
associated with systemic collagen vascular dis- 
ease, such as rheumatoid arthritis.’ 

Ketoprofen, unlike most other noncorticoste- 
riodal antiinflammatory agents, has a potent 
inhibitory action on both the cyclooxygenase 
pathway and the lipooxygenase pathway of the 
arachidonic acid cascade.” This latter pathway 
produces noncyclized monohydroxy acids and 
leukotrienes, which mobilize leukocytes and 
increase vascular permeability, thereby pro- 
moting edema. This ability to act effectively on 
both pathways of arachidonic acid metabolism 
may be useful in treating inflammatory condi- 
tions. Ketoprofen is also an effective analgesic 
equivalent in efficacy to 650 mg of acetamino- 
phen plus 60 mg of codeine.* Both of our pa- 
tients were being treated with other noncorti- 
costeroidal agents without improvement before 
being given ketoprofen. The response, howev- 
er, to noncorticosteroidal antiinflammatory 
agents may vary with each patient.’ 

Current recommended initial starting dosage 
for ketoprofen is 75 mg three times a day. 
Potential side effects include gastrointestinal 
and renal toxicity. Ketoprofen, with its excel- 
lent analgesic and antiinflammatory actions, 
appears well suited as a therapeutic agent in the 
treatment of scleritis. 
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Repair of a Giant Scleral Ulcer With 
a Scleral Graft and Tissue Glue 


Chang Ping Lin, M.D., 

Yuh Hsin Wu, M.D., 

Ming Tsong Chen, M.D., 
and Wen Loong Huang, M.D. 


Department of Ophthalmology, Kaohsiung Medical 
College. 


Inquiries to Chang Ping Lin, M.D., Department of 
Ophthalmology, Kaohsiung Medical College, Kao- 
hsiung, Taiwan, Republic of China. 

A 65-year-old man had severe scratchiness in 
his right eye for two weeks. The ophthalmic 
examination disclosed an edematous cornea, 
hypopyon, irregular pupil, and an infiltrated 
ulcer covered with calcified deposits at the 
nasal sclera surrounded by congested conjunc- 
tiva. Movement of the globe toward the nasal 
side was restricted. Best-corrected visual acuity 
was R.E.: 20/100. The patient had a pterygium 
excised at the ulcer site six years previously.! 
Endophthalmitis originating from the scleral 
ulcer was diagnosed. 

After admission, 1% amikacin sulfate and 5% 
cephradine eyedrops were applied alternately 
at one-hour intervals initially and reduced to 
two-hour intervals. Irrigation for the ulcer and 
adjacent subconjunctival space with 1% ami- 
kacin sulfate was performed daily. A subcon- 
junctival abscess was treated with repeated 
conjunctival dissection and débridement. The 
bacterial culture showed Pseudomonas aerugino- 
sa. After the ocular discharge decreased and the 
infection subsided, a scleral graft was planned. 

The scleral graft began with the conjunctival 
dissection and necrotic scleral débridement. 
There was little obvious demarcation between 
healthy and necrotic sclera. An area approxi- 
mately 210 degrees from the 10 o’clock to the 5 
o'clock meridian was débrided, which exposed 
uveal tissue in most of this area. Both donor and 
recipient sites were cleaned and dried. Tissue 
glue was applied diffusely on the recipient site. 
The transplant tissue was placed promptly on 
the recipient site, and slight pressure was ap- 
plied on the graft by forceps to ensure its 
adhesion. No suture was used in the scleral 
graft. The conjunctival defect was apposed with 
a conjunctival graft from the fellow eye and 
fixed with a continuous 10-0 nylon suture. Six 
days later, new infectious foci were found at the 
lower and temporal parts of the eye. The same 
procedure was repeated with the tissue glue 


applied in dots instead of diffusely. The second 
graft was encircled from the 6 o'clock to ap- 
proximately the 10 o’clock meridian. The entire 
scleral graft involved more than 300 degrees. 
After six months of follow-up, the graft 
healed well. The anterior chamber was clear, 
and no choroidal or retinal degeneration was 
detected. Despite a mild cataract, final best- 
corrected visual acuity was 20/40. The only 
complication was grittiness caused by the pro- 
truding glue. The blue, transparent, hard tissue 
glue emerged through the conjunctiva in dots 
or pieces, but it could be removed easily. 
Since the scleral tissue around the ulcer area 
was necrotic and edematous, tissue cutting pre- 
vented the possibility of suturing. Because the 
large scleral ulcer extended far from the corneo- 
scleral limbus and around the corneoscleral 
limbus for more than 300 degrees, suturing the 
graft would be bothersome and time consum- 
ing. Tissue glue application is a simple, fast, 
and effective method to fix giant scleral grafts. 
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Retained Veirs Rod and Canaliculitis 


Bruce B. Becker, M.D. 


Jules Stein Eye Institute, and Department of Oph- 
thalmology, UCLA School of Medicine. 


Inquiries to Bruce B. Becker, M.D., 5363 Balboa Blvd., 
Ste. 246, Encino, CA 91316. 

Lacrimal stents are frequently used in the 
treatment of canalicular lacerations and steno- 
sis.’ If the stents are not removed or are re- 
moved incompletely, there is potential for com- 
plications.*” 

A 73-year-old woman, referred in September 
1989, had a history of left-sided epiphora for 15 
years and previous episodes of apparent dac- 
ryocystitis for one year. She was treated in 1975 
for punctal stenosis with a left inferior punctal 
snip procedure performed with placement of a 
Veirs rod in the left inferior canaliculus. Ac- 
cording to the clinical record, on follow-up 
examination the next day the Veirs rod was 
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gone. In March 1977, a pyrex tube was placed 
without a dacryocystorhinostomy. In 1981, an 
infection was noted around the tube. The tube 
was replaced several times until it was removed 
in 1983. 

Examination showed left-sided epiphora. 
There was erythema and edema of the left 
inferior canaliculus and reflux of purulence 
with pressure over the canaliculus. Passage of a 
probe and irrigation could be accomplished 
through the left inferior canaliculus into the 
nose. Cultures grew Enterobacter and Klebsiella 
species. Because of the history of multiple lacri- 
mal procedures and possible dacryocystitis, a 
left dacryocystorhinostomy was performed. 
During surgery, a 7-mm corroded metal rod 
was removed from the distal left inferior cana- 
liculus. Symptoms resolved and the patient had 
a patent lacrimal excretory system after the 
operation. 

Veirs rods have been used as stents for cana- 
licular lacerations, although silicone tubing has 
become the preferred stent in recent years.’ 
Because of their short length, Veirs rods have 
the potential to be lost in the lacrimal system, 
especially if the attached silk suture is cut short 
or becomes detached. Mensher and Leibsohn* 
reported a casein a child in which a Veirs rod slid 
down the nasolacrimal duct and was ingested. 

Retained canalicular stents may be associated 
with infection. Rootman, Insler, and Wolfley’ 
reported a case of Mycobacterium chelonae cana- 
liculitis after silicone intubation. Dresner and 
associates’ reported lacrimal sac and canalicu- 
lar inflammation caused by retained silicone 
material. 

Silicone intubation is the procedure of choice 
for stenting a canalicular laceration or area of 
canalicular stenosis.’ If a Veirs rod is used and is 
not present on follow-up examination, howev- 
er, appropriate radiologic studies should be 
obtained to rule out retention of the rod within 
the lacrimal system. Retention of stent material 
should also be considered in patients with can- 
aliculitis and a history of multiple lacrimal 
procedures involving stents. 
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Successful Treatment of Recurrent 
Corneal Erosion With Nd:YAG Anterior 
Stromal Puncture 


EDITOR: 

In the article, “Successful treatment of re- 
current corneal erosion with Nd:YAG anterior 
stromal puncture,” by H. S. Geggel (Am. J. 
Ophthalmol. 110:404, October 1990), the au- 
thor used laser technology to address some 
concerns regarding the stromal puncture pro- 
cedure as it was originally introduced.’ These 
include corneal scarring, depth and reproduci- 
bility of penetration, and the potential for cor- 
neal perforation. We believe his concerns are 
reasonable and applaud his efforts to address 
them. However, a simpler, less expensive tech- 
nology involving conventional surgical instru- 
ments may adequately resolve these concerns. 

The most critical concern, that of potential 
corneal perforation, can be minimized by the 
use of a large-bore (20-g) needle” or eliminated 
by the use of a standardized specially designed 
needle (LOOK, Inc., Norwell, Massachusetts), 
which is incapable of deep corneal penetra- 
tion.” 
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Another concern, depth and reproducibility 
of corneal penetration, has also been ad- 
dressed without laser technology. Human ca- 
daver eye studies have demonstrated that this 
specially designed small-bore (25-g) needle 
produces consistent, fine, shallow corneal pen- 
etrations, even with purposely inconsistent 
manual pressure. These penetrations measured 
15 to 250 um (mean, 108 um). Penetrations of 
55 to 415 um (mean, 208 um) were produced 
in the same study with a straight fine-gauge 
needle” (Figs. 1 and 2). Additionally, histologic 
studies performed by Dr. MacRae have shown 
that YAG puncture sites disrupt more epitheli- 
um and have less predictable penetration than 
needle puncture”; however, these laser punc- 
tures were performed without débridement, 
which Dr. Geggel advocates in his article. 

A related issue is the degree of corneal scar- 
ring. No patient has been described to have 
lost a line of visual acuity from stromal punc- 
ture over the visual axis,“ and neither objective 
measurements nor subjective questioning of 
ten patients in one study who had undergone 
micropuncture within the visual axis disclosed 
any glare problems.” Large triangular corneal 
scars as described by Dr. Geggel have not been 
observed with the fine-gauge, specially de- 
signed needle, and we have been impressed 
with how well any corneal puncture scars fade 
with time. We have also been pleased with 
how well patients generally tolerate the stro- 
mal puncture procedure. Two angulations in 
the shaft of the standardized needle keep the 
needle tip out of the patient’s view during the 
procedure, thus minimizing anxiety and the 
risk of head jerk reactions. 

The YAG stromal puncture procedure as de- 





Fig. 1 (Rubinfeld, MacRae, and Laibson). Human 
cadaver eye after stromal puncture with straight 
needle (hematoxylin and eosin, X 50). 


Selle SORE 


~ 








a 
=< 


Fig. 2 (Rubinfeld, MacRae, and Laibson). Human 
cadaver eye after stromal puncture with specially 
designed needle (hematoxylin and eosin, X 50). 


scribed by Dr. Geggel requires epithelial dé- 
bridement of the entire area to be treated. It is 
unclear how this differs from superficial epi- 
thelial keratectomy, which is also an effective 
treatment for recurrent erosion.’ One might 
question whether YAG micropuncture is even 
needed after epithelial débridement. One of 
the advantages of mechanical micropuncture is 
that the puncture sites can usually be applied 
through corneal epithelium,’* thereby mini- 
mizing both healing time and patient discom- 
fort. 

A final point relates to cost, accessibility, 
and convenience. We believe that a readily 
available mechanical instrument costing $6.00 
provides excellent, reliable, consistent, cost-ef- 
fective surgical results. Although the medical 
use of lasers is associated with a certain aura 
of excitement, in today’s climate of cost con- 
tainment, its use can only be justified if it truly 
delivers improved clinical results.’ 


ROY S. RUBINFELD, M.D. 
Washington, D.C. 

SCOTT M. MACRAE, M.D. 
Portland, Oregon 

PETER R. LAIBSON, M.D. 
Philadelphia, Pennsylvania 
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Reply 


EDITOR: 

Drs. Rubinfeld, MacRae, and Laibson raise 
several important points regarding the recently 
described laser stromal puncture technique. To 
give a proper sequential publication perspec- 
tive, the original article of Rubinfeld and asso- 
ciates! was published after the submission of 
my article to THE JOURNAL, and the update by 
McLean’ was published after my article had 
already been printed. I did include the article 
of Rubinfeld and associates in my bibliogra- 
phy in the requested revision. 

Which technique is better? McLean believes 
that a 20-g needle is superior to any other, 
and Rubinfeld and associates believe that 
their specially designed 25-g needle is the in- 
strument of choice. Corneal perforation is not 
a real concern with either of their needles or 
the Nd:YAG laser. Reproducibility will differ 
with the different instruments. Rubinfeld and 
associates acknowledge that the depth of cor- 
neal penetration with their needle will vary 
by a factor of 17 (15 to 250 um, up to almost 
one-half corneal thickness). A straight 20-g 
needle may puncture the cornea at different 
angles, which creates larger triangular corneal 
scars.” The Nd:YAG laser creates consistent 
stromal breaks in the range of 10 um at ener- 
gy levels between 1.5 and 2.0 mJ after epithe- 
lial débridement.*” 

I cannot make any comment regarding Dr. 
MacRae’s recent personal observations with 
the laser treatment performed without epithe- 
lial débridement. As stated in the article, | 
believe débridement is necessary to eliminate 
the swollen or irregular epithelial surface so 
that the laser beam can be more critically fo- 
cused slightly anterior to the basement mem- 


brane zone. Figure 4 in my article dramatical- 
ly contrasts the amount of corneal scarring 
produced with a bent 25-g needle and the 
Nd:YAG laser. Corneal scarring will be less 
with the laser technique or the needle of 
Rubinfeld and associates. I have not used 
their instrument and therefore cannot make 
any direct comparisons. Few studies have real- 
ly addressed the measurement of glare and 
contrast sensitivity after stromal puncture, 
and it is encouraging that some patients of 
Rubinfeld and associates have not had glare 
symptoms. As stated in my article, breaks in 
but not through Bowman’s layer can be 
achieved with the Nd:YAG laser, and this may 
allow improved adhesion of the basal epitheli- 
al cells without corneal scarring. 

The question was raised as to whether 
Nd:YAG micropuncture was needed after epi- 
thelial débridement. As stated in the article, 
the patients in Cases 1 and 2 already had 
three separate unsuccessful débridements, 
and the patient in Case 3 had one unsuccess- 
ful epithelial débridement before referral. The 
patients tolerated both needle puncture and 
laser procedures well. The treated areas were 
reepithelialized within one to two days and, 
in my experience, had no more discomfort 
than patients treated with needle puncture. 

I also am cost conscious and applaud all 
attempts to keep medical costs down. As Drs. 
Rubinfeld, MacRae, and Laibson know, the 
true cost of the stromal puncture technique 
will be the physician procedure fee. Since I 
have a Nd:YAG laser available in my office, it 
is accessible and convenient to use. The pa- 
tient is charged the same fee for stromal 
puncture whether I use the laser or needle. I 
do not add an instrument user fee. Other phy- 
sicians may not have this modality as easily 
available. I do agree that any needle will be 
more cost effective and available on a world- 
wide basis. After the original animal studies 
were completed in 1988 and early human tri- 
als conducted, it was apparent that the laser 
technique did indeed produce dramatically 
less corneal scarring than a straight or bent 
20- to 26-g needle. I congratulate Dr. Rubin- 
feld and associates for designing an improved 
needle and bringing it to the attention of the 
ophthalmic community. 


HARRY S. GEGGEL, M.D. 
Seattle, Washington 
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Rapidly Progressive Outer Retinal 
Necrosis in the Acquired 
Immunodeficiency Syndrome 


EDITOR: 

We recently treated an immunosuppressed 
patient with a distinctive form of acute retinal 
necrosis that closely resembled the patients 
described in the article, “Rapidly progressive 
outer retinal necrosis in the acquired immuno- 
deficiency syndrome,” by D. J. Forster, P. U. 
Dugel, G. T. Frangieh, P. E. Liggett, and N. A. 
Rao (Am. J. Ophthalmol. 110:341, October 
1990). Our patient’s immunosuppression was 
secondary to chemotherapy rather than infec- 
tion with the human immunodeficiency virus. 

A 66-year-old woman had an acute decrease 
in vision in the left eye of several days dura- 
tion. A modified radical mastectomy for breast 
carcinoma had been performed four years pre- 
viously, with a positive lymph node dissection. 
One year before visual loss, metastases were 
detected in the bones, lung, and pleura. At the 
time of manifestation, she was receiving oral 
chemotherapy in the form of 20 mg of predni- 
sone per day and 100 mg of cyclophosphamide 
per day. 

Best-corrected visual acuity was R.E.: 20/30 
and L.E.: 20/200. Slit-lamp examination of the 
left eye showed severe keratic precipitates, se- 
vere cells and flare, and fibrin in the anterior 


chamber. There were moderate vitreous cells 
with widespread retinal necrosis involving the 
nasal, superior, and inferior retina. The retina 
immediately surrounding the veins was spared 
(Figure). The right eye was normal. 

Testing for HIV antibody was negative. Test- 
ing for acute and convalescent sera for anti- 
bodies to cytomegalovirus, herpes simplex vi- 
rus (types 1 and 2), and varicella zoster virus 
by enzyme-linked immunsorbent assay were 
positive at levels consistent with previous ex- 
posure but not recent infection. Urine culture 
was positive for cytomegalovirus; however, 
buffy coat culture was negative. 

A diagnosis of acute retinal necrosis was 
made and treatment with intravenous acyclovir 
and methylprednisolone was initiated. The cy- 
clophosphamide was discontinued. Despite 
this, the lesions showed definite progression 
into the temporal macular area. After five days, 
the acyclovir was replaced with intravenous 
ganciclovir. Subsequently, prompt regression 
of the necrosis occurred, and pigmentary 
changes in previously affected areas devel- 
oped. Prophylactic laser photocoagulation was 
not performed because of the posterior extent 
of the necrosis. 

Six weeks later, a total rhegmatogenous reti- 
nal detachment occurred. No active inflamma- 
tion was present. The retina was successfully 
reattached by pars plana vitrectomy and gas 
injection without scleral buckling. With nine 





Figure (Duker and Shakin). Nasal retina of the 
affected left eye showing diffuse retinal necrosis with 
distinctive zones of retinal sparing surrounding the 
veins. 


256 AMERICAN JOURNAL OF OPHTHALMOLOGY 


months of follow-up, the retina remained at- 
tached, although visual acuity was limited to 
hand motions. 

The findings in our patient share many simi- 
larities to the findings in the two patients de- 
scribed by Forster and associates, including 
immunosuppression, unilateral acute retinal 
necrosis with perivenous retinal sparing, rapid 
progression, a poor clinical response to acyclo- 
vir, and the development of a rhegmatogenous 
retinal detachment. Our case shows that this 
perivenous retinal sparing pattern of acute ret- 
inal necrosis is not unique to patients with 
HIV infection but may occur in conjunction 
with other modes of immunosuppression as 
well. Of particular interest is our patient’s dra- 
matic positive clinical response to intravenous 
ganciclovir, after failed intravenous acyclovir 
treatment. 

We suggest that in immunosuppressed pa- 
tients with this distinctive pattern of acute ret- 
inal necrosis, the use of ganciclovir should be 
considered if a poor initial response to acyclo- 
vir is encountered. Although we cannot rule 
out that reversal of immunosuppression played 
a role, our patient’s pattern of response to an- 
tiviral therapy provides indirect evidence that 
the infectious agent in this condition is either 
cytomegalovirus or an acyclovir-resistant 
strain of herpes simplex or zoster virus. 


JAY S. DUKER, M.D. 

Boston, Massachusetts 
ERIC P. SHAKIN, M.D. 
Philadelphia, Pennsylvania 


Reply 


EDITOR: 

We read with interest the case reported by 
Drs. Duker and Shakin. It is obvious from their 
findings that this type of retinitis can occur in 
patients without the acquired immunodeficien- 
cy syndrome who are otherwise immunosup- 
pressed. 

The major difference between this patient 
and the two we described is that, whereas this 
patient had a pronounced degree of intraocu- 
lar inflammation, our patients showed minimal 
or no vitreitis and anterior chamber reaction. 
The other features of the disease, particularly 
the perivenous retinal sparing, the rapidly pro- 
gressive course, and the poor response to in- 
travenous acyclovir, support the idea that this 
is similar to the retinitis found in our patients. 
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The difference in the degree of intraocular in- 
flammation between this patient and our pa- 
tients may be caused by a more profound de- 
gree of immunocompromise in our patients. 

The observation that the disease seemed to 
respond better to ganciclovir than to acyclovir 
is an important one. Since our article was pub- 
lished, we have seen three additional patients, 
all of whom had AIDS, with a similar type of 
retinitis. Two of these patients were treated 
with ganciclovir instead of acyclovir, with sta- 
bilization of the retinitis for three months and 
four months, respectively. Neither of these pa- 
tients developed retinal detachment while tak- 
ing ganciclovir. Based on these findings, as 
well as on those of Drs. Duker and Shakin, we 
agree that the etiologic agent may be cytomeg- 
alovirus or an altered strain of herpes simplex 
or zoster virus and that ganciclovir should be 
considered early in the treatment of immuno- 
compromised patients with this type of 
retinitis. 


DAVID J. FORSTER, M.D. 
PRAVIN U. DUGEL, M.D. 
GEORGE T. FRANGIEH, M.D. 
PETER E. LIGGETT, M.D. 
NARSING A. RAO, M.D. 
Los Angeles, California 


Successful Medical Management of 
Acanthamoeba Keratitis 


EDITOR: 

In the article “Successful medical manage- 
ment of Acanthamoeba keratitis,” by S. T. 
Berger, B. J. Mondino, R. H. Hoft, P. B. 
Donzis, G. N. Holland, M. K. Farley, and J. E. 
Levenson (Am. J. Ophthalmol. 110:395, Octo- 
ber 1990), the authors described achieving a 
medical cure in six of seven patients with 
Acanthamoeba keratitis treated with triple ther- 
apy of propamidine isethionate 0.1%, neo- 
mycin-—polymyxin B-gramicidin, and micona- 
zole nitrate 1%. In 1988, we reported 
successful treatment of four patients in whom 
a 1% suspension of clotrimazole was added to 
the customary use of propamidine isethionate 
and neomycin.’ Clotrimazole and miconazole 
are closely related imidazole antifungal drugs. 
We chose to use clotrimazole for two reasons: 
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antimicrobial susceptibility testing performed 
at the Centers for Disease Control indicated 
that clotrimazole was substantially more effec- 
tive than miconazole, and the acidic vehicle in 
which miconazole is dissolved is irritating to 
the eye and not well tolerated by patients over 
long-term treatment. Our first patient was giv- 
en topical miconazole and found it caused an 
unacceptable level of discomfort. We have had 
no problems with the acceptance of a 1% sus- 
pension of clotrimazole dissolved in an artifi- 
cial tear vehicle. 

Given the similarity of our studies, we were 
extremely surprised that our study was not 
considered by the authors in the discussion of 
their results. We concur that medical cure of 
Acanthamoeba keratitis should be the rule rath- 
er than the exception. We also agree with the 
authors that the use of an imidazole drug is a 
valuable component of triple therapy for Acan- 
thamoeba keratitis. We continue to believe, 
however, that topical 1% clotrimazole is the 
best drug for this purpose. 


WILLIAM T. DRIEBE, JR., M.D. 
GEORGE A. STERN, M.D. 
Gainesville, Florida 


Reference 


1. Driebe, W. T., Stern, G. A., Epstein, R. J., Vis- 
vesvera, G. S., Adi, M., and Komadina, T.: Acantha- 
moeba keratitis. Potential role for topical clotrima- 
zole in combination chemotherapy. Arch. 
Ophthalmol. 106:1196, 1988. 


Reply 


EDITOR: 

We appreciate the comments of Drs. Driebe 
and Stern. The use of topical clotrimazole for 
treatment of Acanthamoeba keratitis was men- 
tioned in the article, but we did not include 
the article by Driebe and associates in our list 
of references. We apologize for this unfortu- 
nate and unintentional oversight of their excel- 
lent work. 


STEVEN T. BERGER, M.D. 
Orlando, Florida 

BARTLY J. MONDINO, M.D. 
RICHARD H. HOFT, M.D. 
Los Angeles, California 
MICHAEL K. FARLEY, M.D. 
Newport Beach, California 





BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 


Radiology of the Eye and Orbit. Modern Neuro- 
radiology, vol. 4. Edited by Thomas H. Newton 
and Larissa T. Bilaniuk. New York, Raven 
Press, 1990. 320 pages, index, illustrated. $115 


Reviewed by MELVIN G. ALPER 
Chevy Chase, Maryland 


This text contains the most current descrip- 
tion of the various imaging techniques used 
today in the diagnosis of a variety of ocular and 
orbital disease processes. Edited by Drs. New- 
ton and Bilaniuk, it is divided into three sec- 
tions: magnetic resonance imaging, ultrasonog- 
raphy, and computed tomography. 

The chapters on magnetic resonance imaging 
of ocular and orbital anatomy and pathologic 
conditions provide the best description of this 
technique yet compiled. The editors have 
drawn on the broad experience of neuroradi- 
ologists from the universities of California at 
San Francisco, Illinois, and Pennsylvania. As is 
usual with multiauthored texts, the product is 
somewhat uneven. 

The technical aspects of magnetic resonance 
imaging are described in an introductory chap- 
ter, which is excellent for the neuroradiologist 
but too basic and technical for the average 
ophthalmologist. 

The chapter on magnetic resonance imaging 
of ocular anatomy has only two illustrations, 
both sagittal sections. Inclusion of axial and 
coronal illustrations of normal anatomy would 
have added to this chapter. Some of the illustra- 
tions of such rare conditions as Norrie’s 
disease, Warburn syndrome, persistent hyper- 
plastic primary vitreous, retinopathy of prema- 
turity, and morning glory anomaly are well 
described, but the images appear to have been 
performed on earlier generation instruments. 
This probably reflects the rarity of these syn- 
dromes. The descriptions of retinoblastoma 
and malignant melanoma are excellent. The 
teaching value of all illustrations in these two 
chapters would have been enhanced if the au- 
thor had included TR/TE values instead of only 
referring to T,-weighted and T.-weighted imag- 
es in the legends. 

The chapters on magnetic resonance imaging 
of orbital anatomy and pathologic conditions 
are the best written and illustrated chapters in 
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this text. The TR/TE values have been included 
in the legends of these illustrations. Scans of 
T,-weighted images show the anatomy in exqui- 
site detail. The pulse sequences of T,-weighted 
images are varied to bring out the charactristics 
of many pathologic lesions. The authors dem- 
onstrate the advantages of magnetic resonance 
imaging in the orbit by use of surface coils and 
thin sections. The location of space-taking 
masses by T,-weighted images and the defini- 
tion of the pathologic conditions by varying the 
pulse sequences in longer acquisition times 
demonstrate that magnetic resonance imaging 
of the orbit has improved to be the equal of 
computed tomography. The discussion of neu- 
rogenic tumors, optic nerve gliomas, and 
meningiomas, a special interest of mine, is one 
of the best written and illustrated to be found in 
any text. Common orbital tumors, such as cav- 
ernous hemangiomas, metastases, and lacrimal 
gland tumors, are well described and illustrat- 
ed. I was disappointed that fibrous histiocyto- 
mas were not discussed. These tumors have 
become a fairly common orbital tumor with 
distinct resonant characteristics. I recommend 
these two chapters as classics for anyone inter- 
ested in magnetic resonance imaging of the 
orbit. 

In the chapters on orbital ultrasonography, 
the authors emphasize that cooperation be- 
tween the ophthalmologist and radiologist is 
necessary for adequate testing. Most ophthal- 
mologists in the United States, however, per- 
form their own ultrasound studies. With the 
advent of modern units, a degree of sophistica- 
tion has been obtained using high-frequency 
transducers (7.5 to 12.0 MHz), which affords 
excellent characterization of space-taking le- 
sions in the orbit and is without parallel in 
defining inflammatory processes. These chap- 
ters are well illustrated, and the discussion is 
excellent. 

In the chapter on computed tomography of 
orbital anatomy, Drs. Unsold and deGroot pres- 
ent their well-known studies correlating anato- 
my with computed tomographic scans. This is 
classic work, previously published in a mono- 
graph. 

The chapter on computed tomography of ocu- 
lar and orbital abnormalities demonstrates the 
broad experience of the authors. The clinical 
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descriptions by Drs. Char and Unsold cover a 
variety of lesions in the eye and orbit, which 
have been correlated with elegant computed 
tomographic scans performed by the latest gen- 
eration of computed tomography equipment. 
Multiplanar reformations are advocated by the 
authors, but most illustrations demonstrate ab- 
normalities only in axial views. Direct coronal 
scans are not used, but the reformated coronal 
scans shown are of equal quality to any in my 
experience. 

This last chapter contains an extensive bibli- 
ography that cites the classic papers on comput- 
ed tomographic scanning of the eye and orbit. 
The bibliographies of the chapters on magnetic 
resonance imaging of orbital abnormalities and 
ultrasonography are equally complete. 

The printing is well done and easy to read. 
Illustrations of ultrasonograms, computed to- 
mographic scans, and magnetic resonance im- 
ages are reproduced clearly and crisply. This 
textbook is the finest yet produced on medical 
imaging of the eye and orbit. It should be in the 
library of anyone interested in imaging of dis- 
eases of these structures. 


Handbook of Ocular Drug Therapy and Ocular 
Side Effects of Systemic Drugs. By Deborah 
Pavan-Langston and Edmund C. Dunkel. Bos- 
ton, Little, Brown and Company, 1990. 464 
pages, index, illustrated. $32.50 


Reviewed by TIMOTHY J. MARTIN 
Winston-Salem, North Carolina 


The first half of this text concerns drugs and 
their ocular implications and is organized by 
type of medication (antiglaucoma, antibiotics, 
antifungal, antiviral, mydriatics, and the like). 
The information in this section is listed by topic 
rather than by manufacturer, which allows fora 
more general discussion of the class of drugs, 
together with some details of clinical manage- 
ment. This organization scheme also en- 
courages summary tables that compare doses, 
indications, and side effects. This part of the 
text would be particularly useful to physicians 
who are not ophthalmologists, because it is a 
quick reference that explains the likely indica- 
tion for an ophthalmic drug as well as its 
potential systemic side effects. 

The second half of the text simply lists the 
visual and ocular side effects of systemic medi- 


cations. The side effects have been divided into 
categories (anterior segment, posterior seg- 
ment, visual fields, and the like). The descrip- 
tions of the side effects are brief and entirely 
without references. I am particularly disturbed 
by the many entries that bring up the possibility 
of a certain side effect yet cling to deniability 
with a question mark, for example, ‘’? optic 
neuritis.” I sympathize with the authors’ desire 
to produce a look-up table so that a patient's 
medications can be quickly screened for a pos- 
sible contribution to the initial complaint, but 
this table has fallen short of the mark. The 
information offered is brief and unsatisfying, 
and further referral to the literature would be 
required. 


Eye Diseases in Hot Climates, ed. 2. By John 
Sandford-Smith. Stoneham, Butterworths & 
Company, 1990. 241 pages, index, illustrated. 
$34.95 


Reviewed by FRANK C. WINTER 
La Jolla, California 


Everybody likes this kind of book, not too big 
yet full of information. The text deals at a 
practical level with third-world ophthalmolo- 
gy, concentrating on common conditions that 
cause blindness and can be prevented or cured. 

Beginning with an introduction to world 
blindness, the text has separate chapters on 
anatomy and physiology, clinical examination, 
principles of treatment, and the various struc- 
tures of the eye and adnexa. Interspersed with 
these are chapters on specific conditions, such 
as glaucoma and squint, and a number of tropi- 
cal diseases, such as trachoma, onchocerciasis, 
and leprosy. There are many black-and-white 
illustrations, tables, and diagrams and 90 excel- 
lent color photographs. 

The book is intended for nonophthalmic pro- 
fessionals working in the developing world, but 
the type of information focusing on tropical 
diseases makes it helpful for ophthalmologists 
and nurses who may be visiting those parts of 
the world. 

The author is an experienced international 
ophthalmologist who is familiar with the limi- 
tations surrounding work in the field. His writ- 
ing is full of insights and suggestions that help 
to overcome these limitations. For example, 
“Some sick children (with xerophthalmia and / 
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or measles) have not developed ulcers but can- 
not close their eyes properly. The mothers of 
these children will need to learn how to close 
the eyelids, and to apply plenty of antibiotic 
ointment.” 

The strength of this book is its simplicity and 
brevity. It is hard to be brief and yet include 
everything one would like. Occasionally, how- 
ever, something falls through the cracks of 
these pages. For example, we are not told that a 
scalloped pupil is a sign of iritis in the differen- 
tial diagnosis of red eye. The consensual pupil- 
lary reflex is mentioned, but the useful alter- 
nate light stimulation test that compares 
pupillary input between the two eyes is not 
described. This simple and objective test can be 
helpful in evaluating a variety of pathologic 
conditions that may be obscured by opaque 
media, language impediment, or lack of cooper- 
ation. 

Thousands of physicians, nurses, and techni- 
cians travel each year to hot climates to share 
their expertise in ophthalmology. I strongly 
recommend this book to veterans and rookies 
alike, and when returning, consider leaving this 
book behind as a valuable gift for those remain- 
ing. 


Cataract Surgery. Alternative Small-Incision 
Techniques. Edited by George W. Rozakis. 
Thorofare, Slack, Inc., 1990. 194 pages, index, 
illustrated. $95 (videotape included) 


Reviewed by H. E. KOLDER 
Iowa City, Iowa 


This manual and 60-minute videotape offer 
how-to instructions for cataract extraction 
through a small incision without phacoemulsi- 
fication, including a discussion of ‘‘phacofrac- 
ture” and the ‘‘phacosandwich.”’ This material 
stems from Dr. Luther Fry’s new ways of effi- 
ciently removing even the hardest lens nucleus 
without the added costs of phacoemulsifica- 
tion, costs measured in duration of surgery and 
added risk to the eye as well as in dollars. 


Various surgeons have developed new tricks 
and techniques for small-incision cataract sur- 
gery and have described them at meetings. This 
videotape is for ophthalmologists who have not 
been able to attend the meetings. The videotape 
is well done and instructive, and the illustra- 
tions are well chosen. Even though success 
rates and complications are not documented in 
any detail and there is not much information on 
the effect of the procedure on the corneal endo- 
thelium, this manual and videotape will enable 
a skillful ophthalmologist to learn the tech- 
nique. This technique in some cases may be 
superior to large-incision lens nucleus expres- 
sion and the pocket type of incision used for 
phacoemulsification. 





The Book List 





Advances in Cataract Surgery. Edited by Glen C. 
Cangelosi. Thorofare, Slack, Inc., 1990. Soft- 
cover, 239 pages, index, illustrated. $80 


Color Atlas of Ophthalmic Surgery. Strabismus. 
By Kenneth W. Wright. Philadelphia, J. B. 
Lippincott, 1990. 261 pages, index, illustrated. 
$125 


Cosmetic Blepharoplasty. By Stephen L. Bos- 
niak. New York, Raven Press, 1990. 114 pages, 
index, illustrated. $95 


Laser Surgery of the Posterior Segment. By 
Steven M. Bloom and Alexander J. Brucker. 
Philadelphia, J. B. Lippincott, 1990. 341 pages, 
index, illustrated. $69.95 


Ocular Histopathology. A Guide to Differential 
Diagnosis. By Curtis E. Margo and Hans E. 
Grossniklaus. Philadelphia, W. B. Saunders, 
1991. 340 pages, index, illustrated. $89 


Ptosis, ed. 4. By Michael Callahan and Crowell 
Beard. Birmingham, Aesculapius Publishing 
Co., 1990. 319 pages, index, illustrated. $125 





ABSTRACT DEPARTMENT 


Edited by Michael A. Kass, M.D. 





A randomized trial of sorbinil, an aldose re- 
ductase inhibitor, in diabetic retinopathy. 
Sorbinil Retinopathy Trial Research Group*: 
Arch. Ophthalmol. 108:1234, 1990. 


DIABETIC RETINOPATHY, ALDOSE REDUCTASE 
INHIBITOR, SORBINIL 


A total of 497 patients aged 18 to 56 years 
with insulin-dependent diabetes mellitus for 1 
to 15 years were randomly assigned to take oral 
sorbinil or placebo and followed up for a medi- 
an of 41 months. The percentage of patients 
whose retinopathy severity grade at maximum 
follow-up had worsened by two or more levels 
was not significantly different between the two 
treatment groups (28% in the sorbinil group 
and 32% in the placebo group, P = .344). The 
number of microaneurysms increased at a 
slightly slower rate in the sorbinil group than in 
the placebo group, with statistically significant 
differences at 21 (P = .046) and 30 (P = .039) 
months but not at the maximum follow-up (P = 
156). About 7% of the patients assigned sor- 
binil developed a hypersensitivity reaction in 
the first 3 months. On the basis of these results, 
it is unlikely that sorbinil administered at a 
dosage of 250 mg daily for 3 years has a clini- 
cally important effect on the course of retinopa- 
thy in adults with insulin-dependent diabetes 
of moderate duration. Our data are consistent, 
however, with a slightly slower progression 
rate in the microaneurysm count among pa- 
tients assigned to take sorbinil, a finding of 
uncertain clinical importance.—Authors’ ab- 
stract 


*Charles Hennekens, M.D., 55 Pond Ave., Brookline, 
MA 02146. 


Plasma prorenin activity and complications in 
children with insulin-dependent diabetes 
mellitus. Wilson, D. M.*, and Luetscher, J. A.: 
N. Engl. J. Med. 323:1101, 1990. 


INSULIN-DEPENDENT DIABETES MELLITUS, 
PRORENIN LEVELS 


Renin, secreted into the blood by the juxta- 
glomerular cells of the kidneys, is derived from 
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a larger precursor known as prorenin. Plasma 
prorenin activity was measured in 135 children 
and adolescents with insulin-dependent diabe- 
tes mellitus. The mean (+ standard error) plas- 
ma prorenin level among the 32 patients over 
the age of 10 years who had uncomplicated 
diabetes for less than five years was 8.43 + 0.58 
ng of angiotensin per liter per second, as com- 
pared with 7.06 + 0.32 in 37 control subjects of 
the same age (P < .05). In nine other patients 
older than age 10 years who had retinopathy or 
overt albuminuria, the mean plasma prorenin 
activity was 13.09 + 1.43 ng of angiotensin per 
liter per second (P < .0001). In 34 patients 10 
years of age or older with uncomplicated diabe- 
tes, three to 13 measurements of plasma pro- 
renin activity were taken during a follow-up 
period of six to 39 months. Urinary albumin 
was determined at each visit, and the patients 
had regular retinal examinations. Only one of 
the 20 patients who had consistently normal 
plasma prorenin values developed overt albu- 
minuria or retinopathy. In contrast, one or both 
of these complications appeared in eight of the 
14 patients who had at least one increased 
prorenin value. Plasma prorenin values were 
substantially increased in these eight patients 
at least 18 months before a complication was 
noted. Increased plasma prorenin activity iden- 
tifies a group of young patients with insulin- 
dependent diabetes who are at high risk for 
retinopathy and nephropathy.—Michael A. 
Kass 


“Department of Pediatrics, Endocrine Division, 
Room S-322, Stanford Medical Center, Stanford, CA 
94305. 


Central visual field changes after panretinal 
photocoagulation in proliferative diabetic 
retinopathy. Theodossiadis, G. P.*, Boudouri, 
A., Georgopoulos, G., and Koutsandrea, Ch.: 
Ophthalmologica 201:71, 1990. 


PROLIFERATIVE DIABETIC RETINOPATHY, 
PANRETINAL PHOTOCOAGULATION, CENTRAL 
VISUAL FIELD 


Panretinal photocoagulation is used widely 
for the treatment of proliferative diabetic reti- 
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nopathy. Unfortunately, panretinal photocoag- 
ulation causes alterations in the visual field. In 
this study, 53 eyes of 42 patients were divided 
into two different treatment regimens for pan- 
retinal photocoagulation. In the first group 
panretinal photocoagulation was performed up 
to 2 disk diameters from the upper temporal 
and lower margin of the fovea. In the second 
group panretinal photocoagulation was per- 
formed up to 3 disk diameters from the upper 
temporal and lower margin of the fovea and up 
to 1 disk diameter from the nasal margin of the 
optic disk. Both treatment regimens were 
equally effective insofar as treatment of prolif- 
erative diabetic retinopathy was concerned. 
The two groups were also similar as far as 
postoperative visual acuity. In both groups de- 
terioration of the central visual field was detect- 
ed, with a much greater deterioration in the first 
group. Retinal sensitivity was greater at Lo 
degrees and 30 degrees of eccentricity in the 
second treatment regimen. Thus, it may be 
possible to treat proliferative diabetic retinopa- 
thy effectively with panretinal photocoagula- 
tion sparing greater portions of the central 
retina and the central visual field.—Michael A. 
Kass 


*54, Omirou St., 106 72 Athens, Greece. 


Contact lens surface deposits increase the 
adhesion of Pseudomonas aeruginosa. Butrus, 
S. I., and Klotz, S. A.*: Curr. Eye Res. 9:717, 
1990. 


SOFT CONTACT LENSES, SURFACE DEPOSITS, 
PSEUDOMONAS SPECIES 


The wearing of soft contact lenses, especially 
extended-wear lenses, is associated with an 
increased risk of microbial keratitis. Pseudomo- 
nas aeruginosa is the most common microorgan- 
ism isolated from contact lens-associated cor- 
neal ulcers. Extended-wear contact lenses used 
by healthy myopic subjects were studied after 
removal. The deposits on the lens surface were 
estimated and then the lenses were incubated 
with high and low inoculums of Pseudomonas 
species. Pseudomonas aeruginosa adhered to the 
surface of extended-wear contact lenses in di- 
rect proportion to the number of deposits on 
the surface of the lenses. More hydrophobic 
bacteria adhered ten times greater than did 
bacteria that were relatively hydrophilic (P < 


005). Treatment of lenses with commercially 
available enzymes, such as papain and pork 
pancreatin, as well as treatment with neura- 
minidase, mannosidase, glucosidase, and 
alkylcarboxylic acid for as along as 48 hours 
failed to reduce subsequent bacterial adhesion 
in both the high and low inoculum experi- 
ments. Thus, soft contact lens surface deposits 
are a major determinant in the adherence of P: 
aeruginosa to the lenses and enzyme cleaning of 
the lenses does not significantly reduce bacteri- 
al adhesion.—Michael A. Kass 


*Infectious Diseases Section, Department of Medi- 
cine, Overton Brooks Veterans Administration Medi- 
cal Center, 510 E. Stoner Ave., Shreveport, LA 
71101-4295. 


Epikeratoplasty technique without suture 
using human collagen type IV lenticules. Ex- 
perimental study on monkey. Albinet, P.*, Ro- 
manet, J. P., Mouillon, M., Zerdab, l., Gra- 
vagna, P., Tayot, J. L., DuPont, D., and Eloy, 
R.: J. Fr. Ophtalmol. 13:109, 1990. 


EPIKERATOPHAKIA, COLLAGEN LENTICULE, 
SURGICAL TECHNIQUE 


Epikeratophakia is a surgical method to mod- 
ify the corneal surface and the refraction. Most 
epikeratophakia techniques to date have used 
sutures to secure the lenticule. The authors 
undertook studies in primates in which epiker- 
atophakia was performed with human collagen 
type IV lenticules secured without sutures. In 
this technique the corneal epithelium was re- 
moved and a trephination was performed to a 
depth of 0.1 mm. The peripheral cornea was 
split and a flanged lenticule was placed without 
sutures. The lenticules remained clear and were 
covered by epithelium in three of the four 
animals within a week. Additional studies are 
needed to determine the stability of the lenti- 
cules and the long-term refractive changes.— 
Michael A. Kass 


*P. Albinet, Service d ‘Ophtalmologie, Hôpital Al- 
bert Michalon, BP 217X, 38043 Grenoble Cedex. 


Topical timolol decreases plasma high-densi- 
ty lipoprotein cholesterol level. Coleman, 
A. L.*, Diehl, D. L. C., Jampel, H. D., Bachorik, 
P. S., and Quigley, H. A.: Arch. Ophthalmol. 
108:1260, 1990. 
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B-ADRENERGIC ANTAGONISTS, PLASMA LIPID 
LEVEL 


B-adrenergic antagonists taken orally ad- 
versely alter plasma lipid profiles. This study 
was designed to determine whether 0.5% topi- 
cal timolol maleate has a similar effect. Forty 
volunteers who were not using medications 
known to alter plasma lipid levels were recruit- 
ed for an unmasked study in which each subject 
served as his or her own control. Twelve sub- 
jects did not complete the study because of 
ocular and systemic side effects or extraneous 
factors. Twenty-eight subjects used topical ti- 
molol for an average of 76 days, with two 
12-hour fasting plasma specimens obtained at 
the beginning and end of the period. Mean total 
cholesterol and low-density lipoprotein choles- 
terol levels did not change significantly with 
treatment. Triglyceride values increased 12%; 
high-density lipoprotein cholesterol levels de- 
creased 9%; and the total cholesterol—high- 
density lipoprotein cholesterol ratio increased 
8%. Higher baseline high-density lipoprotein 
cholesterol levels were associated with larger 
reductions in high-density lipoprotein choles- 
terol levels. Changes in high-density lipopro- 
tein cholesterol levels of this magnitude have 
been estimated to increase the risk of coronary 
artery disease by 21%.—Authors’ abstract 


“Jules Stein Eye Institute, 2-118, 100 Stein Plaza, 
UCLA, Los Angeles, CA 90024-7004. 


Coffee, caffeine, and cardiovascular disease 
in men. Grobbee, D. E., Rimm, E. B., Giovan- 
nucci, E., Colditz, G., Stampfer, M., and Willett, 
W.*: N. Engl. J. Med. 323:1026, 1990. 


COFFEE, CAFFEINE, CARDIOVASCULAR DISEASE 


Many investigators have suspected an associ- 
ation between coffee consumption and coro- 
nary heart disease and other cardiovascular 
diseases. The study sample consisted of 45,589 
men in the United States who were 40 to 75 
years of age in 1986 and had no history of 
cardiovascular disease. During two years of 
follow-up observation, 221 participants had a 
nonfatal myocardial infarction or died of coro- 
nary artery disease, 136 underwent coronary 
artery surgery or angioplasty, and 54 had a 
stroke. Total coffee consumption was not asso- 
ciated with an increased risk of coronary heart 


disease or stroke. The age-adjusted relative risk 
for all cardiovascular diseases among partici- 
pants who drank four or more cups of coffee per 
day was 1.04 (95% confidence interval, 0.74 to 
1.46). Increasing levels of consumption of caf- 
feinated coffee were not associated with higher 
risks of cardiovascular disease. Increased con- 
sumption of decaffeinated coffee, however, was 
associated with a marginally significant in- 
crease in the risk of coronary heart disease 
(relative risk, 1.63; 95% confidence interval, 
1.02 to 2.60). There was no pattern of increased 
risk across the subgroups of participants with 
increasing intake of caffeine from all sources. 
Adjustment for major cardiovascular risk fac- 
tors, dietary intake of fats, and cholesterol 
intake did not materially alter these associa- 
tions. This study does not support the hypothe- 
sis that coffee or caffeine consumption increas- 
es the risk of coronary heart disease or 
stroke.—Michael A. Kass 


“Department of Epidemiology, Harvard School of 
Public Health, 677 Huntington Ave., Boston, MA 
02115. 


Cerebrovascular complications of the use of 
the “crack” form of alkaloidal cocaine. Le- 
vine, S. R.*, Brust, J. C. M., Futrell, N., Ho, 
K.-L., Blake, D., Millikan, C. H., Brass, L. M., 
Fayad, P., Schultz, L. R., Selwa, J.F., and 
Welch, K. M. A: N. Engl. J. Med. 323:699, 
1990. 


CRACK COCAINE, CEREBROVASCULAR DISEASE 


The use of cocaine, especially one of its alka- 
loidal forms known as crack, has been increas- 
ingly associated with cerebrovascular disease. 
Twenty-eight patients were identified who had 
a stroke during or within 72 hours of exposure 
to crack cocaine. Of the 28 patients, 18 had 
cerebral infarctions, five had subarachnoid 
hemorrhages, four had intraparenchymal hem- 
orrhages, and one had a primary intraventricu- 
lar hemorrhage. Eighteen of the 28 patients 
(64%) had acute neurologic symptoms immedi- 
ately or within one hour of using cocaine. 
Fifteen patients (45%) with either occlusive or 
hemorrhagic strokes had severe headache as an 
early symptom. Vasculitis was not suggested by 
radiography in any patient, nor was it identified 
on pathologic examination in the one patient 
who died. All of the patients were young (mean 
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age, 34 years; range, 23 to 49 years) and had no 
other apparent, direct cause of stroke. Other 
risk factors for stroke among the patients in- 
cluded mild mitral valve prolapse in four pa- 
tients, hypertension in four patients, cigarette 
smoking in eight patients, and regular alcohol 
use in six patients. Thus, there is a strong 
temporal association of the use of alkaloidal 
cocaine (crack) with both ischemic and hemor- 
rhagic cerebrovascular events. A thorough his- 
tory focusing on the use of cocaine and toxico- 
logic screening of urine and serum should be 
part of the examination of any young patient 
with a stroke.—Michael A. Kass 


*Center for Stroke Research, Department of Neurol- 
ogy, K-11, Henry Ford Hospital and Health Science 
Center, 2799 W. Grand Blvd., Detroit, MI 48202- 
2689. 


Prevention of second primary tumors with 
isotretinoin in squamous-cell carcinoma of 
the head and neck. Hong, W. K.*, Lippman, 
S. M., Itri, L. M., Karp, D. D., Lee, J. S., Byers, 
R. M., Schantz, S. P., Kramer, A. M., Lotan, R., 
Peters, L. J., Dimery, |. W., Brown, B. W., and 
Goepfert, H.: N. Engl. J. Med. 323:795, 1990. 


CANCER PREVENTION, ISOTRETINOIN 


Patients with head and neck cancers who are 
free of disease after therapy remain at high risk 
for both recurrent and second primary tumors. 
Retinoids have proved effective in the treatment 
of premalignant oral lesions and are promising 
agents for the prevention of epithelial cancers. 
The sample consisted of 103 patients who were 
disease-free after treatment for squamous cell 
carcinoma of the larynx, pharynx, or oral cavi- 
ty. After completion of surgery, radiotherapy, 
or both, these patients were randomly assigned 
to receive either isotretinoin, 50 to 100 mg/m* 
of body-surface area per day, or placebo for 12 
months. The treatment and placebo groups did 
not differ in the number of local, regional, or 
distant recurrences of the primary cancers. The 
isotretinoin group, however, had significantly 
fewer second primary tumors. After a median 
follow-up of 32 months, two patients (4%) in 
the isotretinoin group had second primary tu- 
mors, as compared with 12 (24%) in the placebo 
group (P = .005). Multiple second primary 
tumors occurred in four patients, all of whom 
were in the placebo group. Thus, it appears that 
daily treatment with high doses of isotretinoin 


is effective in preventing second primary tu- 
mors in patients who have been treated for 
squamous cell carcinoma of the head and neck, 
although this treatment does not prevent recur- 
rences of the original tumor.—Michael A. Kass 


*Department of Medical Oncology, Box 80, The Uni- 
versity of Texas M. D. Anderson Cancer Center, 1515 
Holcombe Blvd., Houston, TX 77030. 


Cell proliferation in carcinogenesis. Cohen, 
S. M., and Ellwein, L. B.: Science 249:1007, 
1990. 


CANCER INDUCTION, CELL PROLIFERATION, 
NONGENOTOXIC COMPOUNDS 


Chemicals that induce cancer at high doses in 
animal bioassays often fail to fit the traditional 
characterization of genotoxins. Many of these 
nongenotoxic compounds (such as sodium sac- 
charin) have in common the property that they 
increase cell proliferation in the target organ. A 
biologically based, computerized description of 
carcinogenesis was used to show that the in- 
crease in cell proliferation can account for the 
carcinogenicity of nongenotoxic compounds. 
The carcinogenic dose-response relationship 
for genotoxic chemicals (such as 2-acetylamino- 
fluorene) was also due in part to increased cell 
proliferation. Mechanistic information is re- 
quired for determination of the existence of a 
threshold for the proliferative (and carcinogen- 
ic) response of nongenotoxic chemicals and the 
estimation of risk for human exposure.— 
Authors’ abstract 


Induction of donor-specific unresponsive- 
ness by intrathymic islet transplantation. 
Posselt, A. M., Barker, C. F., Tomaszewski, 
J. E., Markmann, J. F., Choti, M. A., and Naji, 
A.*: Science 249:1293, 1990. 


PANCREATIC ISLET TRANSPLANTATION, DIABETES 
MELLITUS, THYMUS GLAND 


The application of isolated pancreatic islet 
transplantation for treatment of diabetes melli- 
tus has been hampered by the vulnerability of 
islet allografts to immunologic rejection. Rat 
islet allografts that were transplanted into the 
thymus of recipients treated with a single injec- 
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tion of anti-lymphocyte serum survived indefi- 
nitely. A state of donor-specific unresponsive- 
ness was achieved that permitted survival of a 
second donor strain islet allograft transplanted 
to an extrathymic site. Maturation of T cell 
precursors in a thymic microenvironment that 
is harboring foreign alloantigen may induce the 
selective unresponsiveness. This model pro- 
vides an approach for pancreatic islet trans- 
plantation and a potential strategy for specific 
modification of the peripheral immune reper- 
toire.—Authors’ abstract 


“Department of Surgery, Hospital of the University 
of Pennsylvania, Philadelphia, PA 19104. 


Health status of Air Force veterans occupa- 
tionally exposed to herbicides in Vietnam. |. 
Physical Health. Wolfe, W.H.*, Michalek. 
J. E., Miner, J. C., Rahe, A., Silva, J., Thomas, 
W. F., Grubbs, W. D., Lustik, M. B., Karrison, 
T. G., Roegner, R. H., and Williams, D.E.: 
JAMA 264:1824, 1990. 


HERBICIDES, DIOXIN, VIETNAM VETERANS, 
PHYSICAL HEALTH 


The Air Force Health Study is a 20-year 
comprehensive assessment of the health of Air 
Force veterans who were involved in aerial 
spraying of herbicides in Vietnam. The study 
compares the health of veterans exposed to 
herbicides to a comparison group of other Air 
Force veterans primarily involved in cargo mis- 
sions in Southeast Asia. Nine hundred ninety- 
five veterans exposed to herbicides and 1,299 
comparison subjects were examined in 1987. 
Demographic and current socioeconomic 
characteristics of both groups were similar. The 
two groups had similar prevalences of reported 
health problems, skin conditions, hepatic dis- 
eases, cardiovascular diseases, and immune 
profiles. The one area in which veterans ex- 
posed to herbicides differed from control sub- 
jects was the prevalence of basal cell carcino- 
ma. After adjustment for sun exposure and 
average residential latitude, the veterans ex- 
posed to herbicides had a higher prevalence of 
basal cell carcinoma (8.3%) than did the com- 
parison subjects (6.2%). Of the 78 veterans 
exposed to herbicides with basal cell carcino- 
ma, 24 (30.8%) had two or more occurrences of 
this malignancy as compared to 15 of 76 
(19.7%) in the comparison group. The veterans 


exposed to herbicides and the control group 
were not different with respect to melanoma 
and systemic cancer.—Michael A. Kass 


*Epidemiology Division, USAF School of Aerospace 
Medicine (AFSC), Brooks Air Force Base, TX 78235- 
5301. 


Health status of Air Force veterans occupa- 
tionally exposed to herbicides in Vietnam. II. 
Mortality. Michalek, J. E., Wolfe, W. H.*, and 
Miner, J. C.: JAMA 264:1832, 1990. 


HERBICIDES, DIOXIN, VIETNAM VETERANS. 
MORTALITY 


This report compares the noncombat mortali- 
ty of 1,261 veterans exposed to herbicides in 
Vietnam to that of a comparison population of 
19,101 other Air Force veterans primarily in- 
volved in cargo missions in Southeast Asia. The 
indirectly standardized all-cause death rate 
among veterans exposed to herbicides is 2.5 
deaths per 1,000 person-years, the same as that 
among comparison subjects. After adjustment 
for age, rank, and occupation, the all-cause 
standardized mortality ratio was 1.0. In adjust- 
ed cause-specific analyses, no significant group 
differences were found regarding accidental, 
malignant neoplasm, and circulatory deaths. 
These data are not supportive of a hypothesis of 
increased mortality among veterans exposed to 
herbicides.—Michael A. Kass 


“Epidemiology Division, USAF School of Aerospace 
Medicine (AFSC), Brooks Air Force Base, TX 78235- 
5301. 


The status of women at one academic medi- 
cal center. Breaking through the glass ceil- 
ing. Nickerson, K. G.*, Bennett, N. M., Estes, 
D., and Shea, S.: JAMA 264:1813, 1990. 


ACADEMIC PROMOTION FOR WOMEN 


Despite recent gains in admission to medical 
school and in obtaining junior faculty posi- 
tions, women remain underrepresented at sen- 
ior academic ranks and in leadership positions 
in medicine. This discrepancy has been inter- 
preted as evidence of a “glass ceiling” that 
prevents all but a few exceptional women from 
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gaining access to leadership positions. We ana- 
lyzed data from Columbia University College 
of Physicians & Surgeons, New York, NY, for all 
faculty hired from 1969 through 1988 and 
found that the likelihood of promotion on the 
tenure track was 0.40 for women and 0.48 for 
men (ratio, 0.82; 95% confidence interval, 0.56 
to 1.20); on the clinical track the likelihood of 
promotion was 0.75 for women and 0.72 for 
men (ratio, 1.04; 95% confidence interval, 0.56 
to 1.94). Additional analysis of current faculty 
showed that in the academic year 1988-1989 
the proportion of women at each tenure track 
rank at the College of Physicians & Surgeons 
equaled or exceeded the national proportion of 
women graduating from medical school, once 
allowance was made for the average time lag 
necessary to attain each rank. On the clinical 
track women were somewhat overrepresented, 
particularly at the junior rank. National data 
that describe medical school faculty, which 
combine tenure and clinical tracks, showed that 
in 1988 women were proportionately repre- 
sented at each rank once the lead time from 
graduation was considered. We conclude that 
objective evidence shows that women can suc- 
ceed and are succeeding in gaining promotions 
in academic medicine.—Authors’ abstract 


*Department of Medicine, Columbia University Col- 
lege of Physicians and Surgeons, 630 W. 168th St., 
New York, NY 10032. 


Hematogenous photosensitization. A mecha- 
nism for the development of age-related mac- 
ular degeneration. Gottsch, J. D.*, Pou, S., 
Bynoe, L. A., and Rosen, G. M.: Invest. Oph- 
thalmol. Vis. Sci. 31:1674, 1990. 


AGE-RELATED MACULAR DEGENERATION, 
PHOTOSENSITIZATION, SUPEROXIDE ANION, 
SINGLET OXYGEN 


Despite numerous investigations, the patho- 
genesis of age-related macular degeneration 
remains elusive. The authors offer a theory that 
age-related macular degeneration develops as a 
result of photosensitization of the choriocapil- 
laris, Bruch’s membrane, and the retinal pig- 
ment epithelium by photoactive compounds in 
the blood. The photoactive compound, proto- 
porphyrin IX, is a naturally occurring precursor 
molecule of hemoglobin that is found in eryth- 
rocytes and plasma, and this compound is capa- 
ble of generating superoxide anion and singlet 


oxygen. The amount of reactive-oxygen species 
produced by this system is dependent on the 
concentration of protoporphyrin IX and the 
intensity and wavelength of light. The authors 
propose that the photogenerated oxidants dam- 
age the vascular endothelium of the chorioca- 
pillaris, Bruch’s membrane, and the retinal pig- 
ment epithelium, necessitating a reparative 
process. Such a reparative process would in- 
clude features seen in age-related macular de- 
generation, such as a thickening of Bruch’s 
membrane as well as retinal pigment epithelial 
atrophy and hyperplasia. It is possible that 
phototoxic damage could be prevented by en- 
hancing protective enzymes, increasing scav- 
enger substances, or supplying appropriate fil- 
ters to eliminate the exciting wavelengths of 
light.—Michael A. Kass 


*Wilmer Ophthalmological Institute, Johns Hopkins 
Hospital, Maumenee Bldg. 305, 600 N. Wolfe St., 
Baltimore, MD 21205. 


Photoreceptor degeneration in inherited reti- 
nal dystrophy delayed by basic fibroblast 
growth factor. Faktorovich, E. G., Steinberg, 
R.H., Yasumura, D., Matthes, M.T., and 
LaVail, M. M.*: Nature 347:83, 1990. 


RETINAL DEGENERATION, B-FIBROBLAST GROWTH 
FACTOR 


In a variety of inherited retinal degenera- 
tions, the photoreceptors degenerate and dis- 
appear. In RCS rats the inherited retinal dystro- 
phy appears to be caused by a mutant gene that 
is expressed in the retinal pigment epithelial 
cells and leads to loss of the photoreceptor 
cells. The photoreceptors can be rescued from 
degeneration by exposure to wild-type retinal 
pigment epithelial cells in experimental chi- 
maeras or by transplantation of retinal pigment 
epithelial cells from normal rats. In both cases, 
the rescue extends beyond the immediate 
boundaries of the normal retinal pigment epi- 
thelial cells, which suggests a trophic action of 
a diffusible factor or factors from the normal 
retinal pigment epithelial cells. B-fibroblast 
growth factor was injected into the subretinal 
space or the vitreous of RCS rats at postnatal 
day 23 when photoreceptor degeneration had 
just begun. One and two months after subreti- 
nal injection there was extensive rescue of 
photoreceptors in the RCS rats. One and two 
months after intravitreal injection there was 
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even more widespread rescue that almost cov- 
ered the entire retina. These findings suggest 
that B-fibroblast growth factor can act as a 
survival-promoting neurotrophic factor in a he- 
reditary neuronal degeneration.—Michael A. 
Kass 


“Department of Ophthalmology, University of Cali- 
fornia at San Francisco, San Francisco, CA 94143- 
0730. 


Impact of mass treatment of onchocerciasis 
with ivermectin on the transmission of infec- 
tion. Taylor, H. R.*, Pacqué, M., Muñoz, B., 
and Greene, B. M.: Science 250:116, 1990. 


ONCHOCERCIASIS, IVERMECTIN 


Approximately 85 million people live in areas 
endemic for onchocerciasis. In some hyperen- 
demic areas more than 50% of the inhabitants 
will become blind from this disease before their 
death, and life expectancy of those who are 
blind is one-third that of their sighted peers. 
Ivermectin is effective against a wide range of 
parasites, and this drug may revolutionize the 
treatment of onchocerciasis. The effect of iver- 
mectin treatment on transmission of onchocer- 
ciasis within the community was assessed by 
determining the incidence of new infection in 
children. Ivermectin was distributed annually 
on three occasions to eligible members of a 
population of approximately 14,000 people liv- 
ing on a rubber plantation in a forest area 
endemic for onchocerciasis. After two years, 
the prevalence of infection in 5-year-old chil- 
dren decreased by 21%. The annual incidence 
in an uninfected cohort of children decreased 
by 35% and, after age-specific adjustment, the 
reduction in incidence in 7- to 12-year-old 
children was 45%. Thus, distribution of iver- 
mectin to a community led to a significant 
reduction in incidence of new infection. These 
findings suggest that ivermectin can be impor- 
tant in reducing the transmission of onchocerci- 
asis in populations at risk for the disease.— 
Michael A. Kass 


“Wilmer Ophthalmological Institute, Johns Hopkins 
University, Baltimore, MD 21205. 


Long-term effect of acetazolamide in a pa- 
tient with retinitis pigmentosa. Chen, J. C., 


Fitzke, F. W., and Bird, A. C.: Invest. Ophthal- 
mol. Vis. Sci. 31:1914, 1990. 


RETINITIS PIGMENTOSA, ACETAZOLAMIDE 


In retinitis pigmentosa, central vision is usu- 
ally preserved until late in the disease unless 
there is coincident macular edema. Recently, it 
has been demonstrated that acetazolamide can 
increase visual acuity in certain patients with 
macular edema. A 48-year-old woman with 
autosomal dominant retinitis pigmentosa was 
treated with 500 mg of acetazolamide per day 
for three months. During this time, visual acu- 
ity improved from hand motions to 20/120 in 
the right eye and from 20/60 to 20/40 in the 
left eye. Fluorescein angiography disclosed an 
improvement in macular edema in the right eye 
with decreased dye leakage. Automated perim- 
etry showed small to moderate improvement in 
scotopic retinal function at the four positions 
closest to fixation in the left eye. Surprisingly, 
there was also a progressive improvement of 
more than 2 log units in scotopic sensitivity in 
the superonasal paracentral visual field over 
the course of treatment. This improvement ex- 
tended as far as 30 degrees from fixation and in 
certain test positions reached as much as 3 log 
units. The authors hypothesize that the thera- 
peutic effect of acetazolamide is mediated by an 
alteration of retinal pigment epithelial function 
restoring disturbed polarity to a more normal 
state.—Michael A. Kass 


“Professiorial Unit, Moorfields Eye Hosptial, City 
Rd., London EC1V 2PD, England. 


Visual disturbances, serum glycine levels 
and transurethral resection of the prostate. 
Mizutani, A.R., Parker, J., Katz, J., and 
Schmidt, J.: J. Urol. 144:697, 1990. 


DECREASED VISUAL ACUITY, TRANSURETHRAL 
RESECTION OF THE PROSTATE, SERUM GLYCINE 
LEVELS 


Transient visual disturbances are common in 
patients undergoing transurethral resection of 
the prostate. It has been suggested recently that 
these visual disturbances are caused by high 
serum concentrations of glycine from the in- 
travasation of irrigant solutions used during the 
procedure. Glycine is known to function as a 
neurotransmitter in the central nervous system 


268 AMERICAN JOURNAL OF OPHTHALMOLOGY 


February, 1991 


a O nnn 


and also in retinal amacrine cells and this 
compound inhibits the function of retinal gan- 
glion and horizontal cells. Eighteen patients 
undergoing transurethral resection of the pros- 
tate were studied prospectively with measure- 
ments of visual acuity, serum electrolytes, glu- 
cose, ammonia, and glycine concentrations. 
Four patients (22%) had significant decreases in 
visual acuity. These patients had extremely 
high levels of serum glycine in the few hours 
immediately after the operation. It is not clear 
whether there is some threshold level at which 
glycine affects retinal function, or whether pa- 
tients who develop blurred vision after trans- 
urethral resection of the prostate have impaired 
metabolism of glycine.—Michael A. Kass 


Extrageniculate vision in hemianopic hu- 
mans. Saccade inhibition by signals in the 
blind field. Rafal, R.*, Smith, J., Krantz, J., 


Cohen, A., and Brennan, C.: Science 250:118, 
1990. 


EXTRAGENICULATE VISION, SACCADE INHIBITION 


The functional competence of extragenicu- 
late visual pathways in hemianopic humans 
was demonstrated by showing that distractor 
signals in the blind half of the visual field could 
inhibit saccades toward targets in the intact 
visual field. This inhibitory effect of unseen 
distractors in patients occurred only when dis- 
tractors were presented in the temporal half of 
the visual field, was specific to oculomotor 
responses, and did not occur in normal sub- 
jects. These results show that a peripheral visu- 
al signal activates retinotectal pathways to 
prime the oculomotor system and that these 
pathways can mediate orienting behavior in 
hemianopic humans.—Authors’ abstract 


*Martinez Veterans Administration Medical Center, 
150 Muir Rd., Martinez, CA 94553. 
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Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 11-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


University of Montreal: Macular Diseases in 
General Ophthalmology 


The University of Montreal: Macular Diseas- 
es in General Ophthalmology will be held April 
4 and 5, 1991, in Montreal, Canada. For further 
information, write Entretiens Ophtalmolo- 
giques de l'Université de Montréal, 2250 est 
Boul St-Joseph, Montreal, Quebec, Canada, 
H2H 1G3; telephone (514) 525-6420 or (514) 
525-3888. 


Association for Research in Vision and 
Ophthalmology Annual Meeting: 


The Annual Meeting of the Association for 
Research in Vision and Ophthalmology will be 
held April 28-May 3, 1991, at Sarasota, Florida. 
Special symposia on Sunday, April 28, include 
the following: animal rights extremists and 
vision research; receptors and signal transduc- 
tions; myopia, human and animal studies; and 
clinical research in ocular complications of dia- 
betes mellitus. The annual business meeting 
will be held May 1 and will be followed by the 
presentation of awards and lectures. Further 
information is available from the Association 
for Research in Vision and Ophthalmology, 
9650 Rockville Pike, Suite 1502, Bethesda, MD 
20814. 


Albert Einstein College of Medicine, 
Montefiore Medical Center: Fourth Annual 
Paul Henkind Day Ophthalmology 
Symposium 


On June 7, 1991, the Albert Einstein College 
of Medicine and Montefiore Medical Center 
will hold its Fourth Annual Paul Henkind Day 
Ophthalmology Symposium. The symposium 
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will be located at the New York Helmsley Hotel 
at 212 E. 42nd St., New York City. For further 
information, write Danny Flood, Office of Con- 
tinuing Medical Education, 3301 Bainbridge 
Ave., Bronx, NY 10467; telephone (212) 920- 
6674. 


The University of Illinois at Chicago: Ninth 
Annual Clinical Challenges Day 


On March 13, 1991, the University of Illinois 
at Chicago will sponsor the Ninth Annual Clin- 
ical Challenges Day. Kenneth I. Resnick will 
chair the event at the University of Illinois 
Hospital Eye and Ear Infirmary located at 1855 
W. Taylor St., Chicago, IL 60612. For further 
information, telephone (312) 996-4747. 


The lowa Eye Association: Annual Meeting 


The Iowa Eye Association in conjunction 
with the Department of Ophthalmology, Uni- 
versity of Iowa will hold its annual meeting 
June 6-8, 1991, in Iowa City, Iowa. For further 
information, write Marlys Bartling, Depart- 
ment of Ophthalmology, University of Iowa 
Hospitals and Clinics, Iowa City, IA 52242; 
telephone (319) 356-2780. 


Manhattan Eye, Ear and Throat Hospital: 
Corneal Frontiers 1991—Microsurgical 
Video Conference 


The Manhattan Eye, Ear and Throat Hospital: 
Corneal Frontiers 1991—Microsurgical Video 
Conference will be held March 16, 1991. For 
further information, write Kimberly Corbin, 
Course Coordinator, Department of Ophthal- 
mology, Manhattan Eye, Ear and Throat Hospi- 
tal, 210 E. 64th St., New York, NY 10021; 
telephone (212) 605-3761; fax (212) 753-7699. 


University of Michigan Medical School: 63rd 
Annual Ophthalmology Spring Postgraduate 
Conference: Lasers in Ophthalmology: 
Applications and New Developments 


The Office of Continuing Medical Education 
of the University of Michigan Medical School 
will sponsor a conference, “Lasers in Ophthal- 
mology: Applications and New Develop- 
ments,” May 17 and 18, 1991. The conference 
will be held at the University of Michigan W. K. 
Kellogg Eye Center in Ann Arbor, Michigan. 
For further information, write Angela C. 
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Voeller, Office of Continuing Medical Educa- 
tion, G-1100 Towsley Center, Box 0201, Uni- 
versity of Michigan Medical School, Ann Ar- 
bor, MI 48109-0201; telephone (313) 743-2288. 


University of Minnesota: Current Concepts 
in Pediatric Ophthalmology and Strabismus 


The University of Minnesota: Current Con- 
cepts in Pediatric Ophthalmology and Strabis- 
mus will be held April 15 and 16, 1991, in 
Minneapolis, Minnesota. For further informa- 
tion, write Becky Noren, Registrar, Continuing 
Medical Education, University of Minnesota 
Medical School, Box 202 UMHC, 420 Delaware 
St. S.E., Minneapolis, MN 55455; telephone 
(612) 626-7600. 


Presbyterian Healthcare System: 13th 
Annual Dallas Spring Symposium 


On April 5 and 6, 1991, the Presbyterian 
Healthcare System will sponsor the 13th Annu- 
al Dallas Spring Symposium at the Fogelson 
Forum Conference Center located in Presbyter- 
ian Hospital, Dallas, Texas. The topic is ‘Lasers 
in Ophthalmology.” For further information, 
write Paula M. Hall, Program Coordinator, Of- 
fice of Continuing Medical Education, Presby- 
terian Healthcare System, 8160 Walnut Hill 
Lane, Dallas, TX 75231; telephone (214) 891- 
2323. 


Texas Ophthalmological Association: Annual 
Educational Symposium 


The Texas Ophthalmological Association will 
hold its Annual Educational Symposium March 
8-10, 1991, at the Stouffer Austin Hotel in 
Austin, Texas. For further information, write 
Sandy Hirsch, Texas Ophthalmological Associ- 
ation, 1801 North Lamar Blvd., Austin, TX 
78701; telephone (512) 477-6704. 


Washington National Eye Center: The 
Anterior Segment—Therapeutic Advances 


The Washington National Eye Center and the 
Department of Ophthalmology of the Washing- 
ton Hospital Center will sponsor their annual 
symposium, “The Anterior Segment—Thera- 
peutic Advances,” April 12 and 13, 1991, at the 
Washington Hospital Center. For further infor- 
mation, write Penelope A. Helfgott, WNEC, 
Suite 6B-13, 110 Irving St. N.W., Washington, 
DC 20010-2975; telephone (202) 877-6982. 


Medical College of Wisconsin: Advanced 
Vitreoretinal Symposium 


The Medical College of Wisconsin: Advanced 
Vitreoretinal Symposium will be held July 25- 
27, 1991, in Milwaukee, Wisconsin. For further 
information, write William F. Mieler, M.D., The 
Eye Institute, Medical College of Wisconsin, 
8700 W. Wisconsin Ave., Milwaukee, WI 53226; 
telephone (414) 257-5544. 


The Heed Foundation: Board of Directors 


Bradley R. Straatsma, of the Jules Stein Eye 
Institute, has been elected chairman of the 
Board of Directors of The Heed Foundation, 
succeeding Frank W. Newell, of the University 
of Chicago. Froncie A. Gutman, of the Cleve- 
land Clinic, was elected secretary/treasurer to 
succeed the late David Shoch of Northwestern 
University. Steven G. Kramer, of the University 
of California, San Francisco, was named a di- 
rector. Lee Jampol, of Northwestern University, 
and Frank Newell will continue as directors. 

The Heed Foundation awards fellowships for 
postresidency training in ophthalmology. 


Personals 


Stuart L. Fine 


Stuart L. Fine has been named Director of the 
Scheie Eye Institute in Philadelphia and Profes- 
sor and Chairman of the Department of Oph- 
thalmology at the University of Pennsylvania 
School of Medicine. Dr. Fine’s Chair is named 
for William F. Norris and George E. de 
Schweinitz, the first two chairmen of the De- 
partment of Ophthalmology at the university. 


Peter J. Savino 


Peter Savino was selected by the Society of 
Heed Fellows as the recipient of the 1990 Heed 
Award. The Heed Award was presented to Dr. 
Savino by the chairman of the Heed Ophthal- 
mic Foundation, Dr. Frank Newell, during the 
annual Society of Heed Fellows luncheon held 
in conjunction with the American Academy of 
Ophthalmology meeting in Atlanta, Oct. 29, 
1990. 

The Heed Award recognized Dr. Savino’s 
contributions in clinical care, education, and 
research in the field of ophthalmology. 

Dr. Savino is clinical professor of ophthal- 
mology at the University of Pennsylvania 
School of Medicine, Director of Neuro-Oph- 
thalmology at Wills Eye Hospital, and the 
chairman of the Department of Ophthalmology 
at Graduate Hospital in Philadelphia. 
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The Management of Retinal Detachments Associated With 


Choroidal Colobomas by Vitreous Surgery 





Anne Hanneken, M.D., Eugene de Juan, Jr., M.D., and Brooks W. McCuen II, M.D. 


We used vitreous surgery to treat seven 
patients (eight eyes) with complicated retinal 
detachments associated with choroidal colo- 
bomas. All eyes had large choroidal colobo- 
mas and no evidence of peripheral retinal 
breaks. Small, atrophic breaks were detected 
in five of the eyes and were located in the base 
of the coloboma in four of the five eyes. Ad- 
junctive surgical techniques were necessary 
and included cyanoacrylate retinopexy in four 
eyes, silicone oil tamponade in five eyes, and 
retinectomy in two eyes. Retinal reattachment 
was ultimately attained in seven of the eight 
eyes. The number of surgical procedures 
ranged from one to five, with an average of 
three. Postoperative visual acuity of the eyes 
that underwent anatomically successful pro- 
cedures ranged from 20/100 to light percep- 
tion. Proliferative vitreoretinopathy was the 
most frequent cause of redetachment, occur- 
ring in six of the eight eyes. 


A cnororpat COLOBOMA is a congenital lesion 
characterized by the absence of normal retina, 
retinal pigment epithelium, and choroid. This 
developmental anomaly is commonly located in 
the inferonasal region of the fundus and is 
caused by the failure of closure of the fetal 
fissure. It is often associated with several other 
ocular abnormalities, including iris coloboma, 
loss of inferior lens zonules, cataract, and optic 
disk abnormalities. The prevalence of retinal 
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detachment in eyes with choroidal colobomas 
has been reported to be from 23% to 42%.!? 

The use of scleral buckling techniques to treat 
retinal detachments in eyes with choroidal col- 
obomas has resulted in low rates of anatomic 
success, varying between 35% and 55%.!” Vit- 
reous surgery has been advocated as an alterna- 
tive to scleral buckling surgery in the treatment 
of selected retinal detachments in eyes with 
large chorioretinal colobomas, but there are 
little data available on its efficacy.*’ We used 
vitreous surgery to treat seven patients (eight 
eyes) with retinal detachment associated with 
choroidal coloboma. 





Patients and Methods 


We reviewed the records of seven consecutive 
patients (eight eyes) with retinal detachments 
and posterior colobomas treated by vitrectomy 
between 1984 and 1990. There were five males 
and two females, ranging in age from 7 to 42 
years. Six of the patients had bilateral retinal 
detachments. Of these six patients, only one 
underwent vitreous surgery in both eyes. The 
remaining five patients had developed phthisis 
or were not candidates for surgery in their 
fellow eye. A minimum of six months of follow- 
up data were available in all patients. The mean 
follow-up period was 26 months. 

All patients had large posterior ocular colo- 
bomas associated with iris colobomas, inferior 
lens opacities, absence of inferior lens zonules, 
and absence of retinal pigment epithelium and 
choroid. Patients with peripheral retinal breaks 
were treated with conventional scleral buckling 
surgery and were not included in this series. 
Only eyes with posterior holes or eyes with a 
rhegmatogenous-appearing retinal detachment 
in which no holes could be found were consid- 
ered candidates for vitrectomy. Patients with 
retinal detachments associated with the morn- 
ing glory syndrome, isolated optic nerve head 
coloboma, or optic nerve pit were eliminated 
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from this study. Two patients had moderately 
severe learning disabilities, one patient had a 
cleft lip and palate, and one patient had a 
family history of ocular colobomas. 

We used a standard three-port vitrectomy 
procedure. Most patients received general an- 
esthesia. Retrobulbar injections were generally 
avoided because of the risk of unintentionally 
penetrating ectatic sclera. 

Lensectomies were performed in all eyes 
using the phacofragmentation unit and a secon- 
dary infusion line. After lensectomy, cannulas 
were placed in the superior quadrants, the con- 
tact lens ring was sutured in place, and the axial 
vitrectomy was performed. 

The surgical goals were to release vitreoreti- 
nal traction and to identify and seal the retinal 
breaks. Achieving these goals was challenging 
in this group of patients. The initial approach 
involved stripping the cortical vitreous from 
the retina up to the posterior border of the 
vitreous base. This was often difficult because 
of the absence of a complete posterior vitreous 
detachment and the strong adhesion of the 
vitreous over regions of detached retina. We 
attributed the unusually strong vitreoretinal 
interface to the young age of many of the 
patients. When peripheral vitreous could not be 
released adequately or peripheral retinal holes 
were created, peripheral encircling buckles 
were placed. 

The second surgical objective consisted of 
identifying the posterior retinal breaks. The 
retinal breaks were usually small narrow slits in 
regions of thin rudimentary retina within the 
colobomatous crater. They were often located 
in areas beneath a localized posterior vitreous 
detachment. A useful technique to identify the 
location of the breaks was to aspirate over 
regions of rudimentary retina and observe for 
the presence of schlieren (subtle wavy lines that 
develop when clear fluids of different viscosi- 
ties mix). 

The third surgical objective was to close and 
seal the retinal breaks. The atrophic breaks in 
the base of the coloboma were often treated 
with cyanoacrylate tissue adhesive. This proce- 
dure was performed after a complete fluid-gas 
exchange. For the adhesive to solidify well, it 
was necessary to remove all subretinal fluid in 
the base of the coloboma. This was difficult in 
cases in which there was a deep pocket of 
trapped subretinal fluid in the colobomatous 
crater. 

A variety of other procedures were consid- 
ered helpful adjuncts. Long-acting tamponades 


with silicone oil, sulfur hexafluoride, or perflu- 
oropropane were always used. Inferior iridecto- 
mies were not necessary when silicone oil was 
used because the patients had inferior iris colo- 
bomas. In all patients, a firm chorioretinal ad- 
hesion was created at the edge of the coloboma 
by either endocryotherapy or endolaser photo- 
coagulation. Two rows of treatment were placed 
along a segment overlapping the edge of the 
coloboma and the normal retina and choroid in 
an attempt to isolate the rudimentary retina in 
the coloboma from the remaining peripheral 
retina. 





Results 





The results are summarized in the Table. The 
retina was successfully reattached in seven of 
the eight eyes (Figs. 1 and 2). The total number 
of surgical procedures necessary to achieve 
retinal reattachment ranged from one to five, 
with an average of three. Follow-up was avail- 
able for all patients and ranged from six months 
to seven years. Postoperative visual acuity in 
the successfully reattached eyes varied from 
20/100 to light perception. 

Retinal breaks were identified either preoper- 
atively or intraoperatively in five of the eight 
eyes. Four of the five breaks were found within 
the colobomatous crater, in thin rudimentary 


TABLE 
DATA OF EIGHT EYES WITH RETINAL DETACHMENTS 
ASSOCIATED WITH CHOROIDAL COLOBOMAS 





NO. OF 
CASE NO., SURGICAL PROCE- VISUAL FOLLOW-UP 
AGE (YRS) ADJUNCTS DURES RESULTS ACUITY* (MOS) 
1,42 Silicone 4 Attached 20/400 14 
2,35 Glue 1 Attached CF 11 
3,24 Silicone, 3 Attached 20/100 8 
retinectomy 
4,35 Glue 2 Attached 20/200 14 
5, 7 Silicone 4 Attached 20/200 84 
6, 7 Glue 2 Detached LP 52 
7,25 Silicone 4 Attached LP 21 
8,11 Glue, 5 Attached 20/400 6 
silicone, 
retinectomy 





*CF indicates counting fingers and LP indicates light percep- 
tion. 
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Fig. 1 (Hanneken, de Juan, and McCuen). Case 3. Retinal detachment associated with choroidal coloboma. 
Left, Fundus of the left eye demonstrating a recurrent retinal detachment with subretinal membranes after initial 
vitrectomy and fluid-gas exchange. Right, Fundus of the same eye after revision of vitrectomy, retinectomy, 
removal of subretinal membranes, endocryotherapy, and silicone oil tamponade. 


retina. Most patients had only one break in the 
coloboma, although one patient had two. 

Peripheral encircling scleral buckles were 
present in five of the eight eyes at the final 
follow-up examination. Two of the patients 
were initially seen with peripheral buckles al- 
ready in place, and three patients received 
scleral buckles during our surgery to support 
the posterior vitreous base. 

Cyanoacrylate retinopexy was used to close 
and seal the posterior breaks in four of the five 
eyes in which holes were found. All of the holes 
treated with glue were closed successfully. In 
one of the patients, however, the glue did not 
adhere adequately to the retina and was partial- 
ly removed (Case 4). This problem was caused 
by residual subretinal fluid in the base of the 
coloboma that prevented a tight adhesion be- 
tween the retina and the glue. 

Silicone oil was used in five eyes to achieve a 
long-term tamponade. In four of the five eyes, 
the silicone oil was removed after several 
months. In one of these patients, however, the 
eye redetached after silicone oil removal, and 
the silicone oil had to be replaced (Case 8). 

The most common postoperative complica- 
tion was the development of proliferative vitre- 
oretinopathy. Six of the eight eyes developed 
proliferative vitreoretinopathy, ranging from 
full-thickness fixed retinal folds in two quad- 
rants to fixed retinal folds of closed funnel 
shape in four quadrants. Two eyes developed 


significant tractional subretinal membranes, 
both of which required removal before the 
retina could be reattached. Severe anterior vit- 
reous base contraction occurred in another pa- 
tient and led to the ultimate failure of reattach- 
ment surgery (Case 6). 

A severe fibrin pupillary membrane occurred 
postoperatively in one patient (Case 7). This 
membrane did not resorb with corticosteroid 
treatment and required surgical removal. 


Discussion 


In the absence of peripheral retinal breaks, 
vitreous surgery is the treatment of choice in 
managing retinal detachment associated with 
choroidal colobomas. Previously, scleral buck- 
ling techniques alone have been used, but the 
rates of anatomic reattachment have been 
low.’ In 1983, Gonvers' reported the success- 
ful use of the silicone oil tamponade to treat 
one eye with a retinal detachment associated 
with a choroidal coloboma. Since then, addi- 
tional reports of retinal detachment caused by 
chorioretinal colobomas and treated by vitre- 
ous surgery have been few.” 

The relatively poor surgical results in these 
cases are caused by several key anatomic fea- 
tures that make these eyes uniquely different 
from other eyes with retinal detachment. One 
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Fig. 2 (Hanneken, de Juan, and McCuen). Case 8. 
B-scan ultrasound image demonstrating a retinal 
detachment associated with a large posterior colobo- 
ma (horizontal orientation). 


of these features is the presence of small slit- 
shaped retinal breaks in the base of the colobo- 
ma. The retinal breaks in these eyes are often 
difficult to identify both preoperatively and 
intraoperatively. The retina overlying the colo- 
boma is extremely atrophic, thin, and transpar- 
ent. The absence of normal retinal pigment 
epithelium and choroid reduces the contrast 
and contributes to the problem of visualizing 
the break. The best intraoperative technique for 
identifying these breaks within the base of the 
coloboma is to aspirate fluid above the colobo- 
ma and to look for schlieren as subretinal fluid 
leaks through the retinal break. With this tech- 
nique, we were able to identify or confirm most 
of the breaks in our series. However, we were 
still unable to identify primary retinal breaks in 
three of our patients. 

The absence of a posterior vitreous detach- 
ment is another complicating feature in these 
eyes. Although the typical rhegmatogenous de- 
tachment contains a nearly complete posterior 
vitreous detachment, our cases demonstrated 
virtually no separation between the cortical 
vitreous and the retina. The only area where 
the vitreous was separated from the retina was 
over the coloboma, where a shallow, partial, 
posterior vitreous separation was frequently 
present. This separation was focal, however, 
and firm vitreoretinal adhesion was present 
over the remainder of the coloboma and the 
more peripheral retina. 

The absence of a posterior vitreous detach- 
ment causes considerable technical difficulty 
during surgery. This difficulty occurs when at- 
tempting to strip firmly attached cortical vitre- 
ous from detached retina. We consider it impor- 
tant to separate the posterior vitreous from the 
retina to reduce the possibility of postoperative 


vitreous contraction leading to recurrent reti- 
nal detachment. 

An important consideration in the treatment 
of this group of patients is the choice and use of 
chorioretinal adhesive modalities to treat reti- 
nal breaks. Traditionally, breaks are treated 
with thermal irritation of the retinal pigment 
epithelium and retina to create chorioretinal 
scarring and adhesion. Within the coloboma, 
however, the retinal pigment epithelium is ab- 
normal and frequently absent. Laser photoco- 
agulation, cryotherapy, and diathermy do not 
result in good chorioretinal adhesions within 
this region. Other alternatives are necessary. 

Cyanoacrylate retinopexy”” is a useful tech- 
nique for closing atrophic breaks in the base of 
the coloboma. For the adhesive to solidify, the 
glue must be applied after all residual fluid has 
been removed from the vitreous cavity by fluid- 
gas exchange and internal drainage of subreti- 
nal fluid. Poor chorioretinal adhesion was en- 
countered in one patient (Case 4) in whom the 
rudimentary retina within the coloboma could 
not be completely flattened against the sclera. 

Silicone oil was used in five of the eight eyes 
to achieve a long-term tamponade. It was ulti- 
mately removed in four of the five eyes. Because 
one of these eyes developed a redetachment 
after the removal of silicone oil, however, we 
are now more cautious when considering 
whether to remove it. 

Endolaser retinopexy or endocryotherapy is 
applied along the margin of the coloboma to 
create a border of chorioretinal adhesion and to 
separate normal retina from abnormal retina. 
This treatment was used to limit the extension 
of potential recurrent subretinal fluid in the 
base of the coloboma. 

The most common cause of retinal redetach- 
ment in these cases was proliferative vitreoreti- 
nopathy. Seven of the eight eyes in our series 
redetached, and the detachment in all but one 
of these eyes was caused by transvitreal, cir- 
cumferential, or subretinal tractional mem- 
branes. Severe anterior vitreous base contrac- 
tion accounted for the ultimate failure in one 
patient (Case 6). The reason for the high preva- 
lence of proliferative vitreoretinopathy is not 
clear, but it may be related to the relatively 
young age of the patients, the chronicity of the 
detachments, or the extent of laser or cryo- 
therapy. 

Although multiple operations may be neces- 
sary, vitreous surgery provides an effective 
treatment of complicated retinal detachments 
in patients with choroidal colobomas. The risks 
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are great in these patients because they are 
often monocular, the procedure is difficult, and 
the prevalence of proliferative vitreoretinopa- 
thy is high. Fortunately, however, the use of 
vitreous surgical techniques has improved the 
anatomic and visual results in these complicat- 
ed cases. 
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OPHTHALMIC MINIATURE 
There was one point that my father had noted about Lincoln’s physiogno- 
my that I have never seen recorded. It was that the left eye, from time to 
time, looked queer and then suddenly “crossed,” i.e., turned up. At the 
time when my father told me this it did not strike me as having the least 
importance. Older grown, however, and become an oculist, I was struck one 
day by the recollection and then by the meaning of the fact itself. Lincoln 
had been the victim of hyperphoria (a tendency of one eye upward) with, 
now and then, a momentary hypertropia (actual turning of one eye 
upward). Such a condition, as all oculists know, gives rise to an intense 
form of eyestrain and is one of the commonest causes of deep and 
protracted melancholy—the chronic, inexpressible blues. Here, then, was 
the probable explanation of the well-known Lincolnian depression of 

spirits which lasted, off and on, until his death. 
Thomas Hall Shastid, My Father Knew Lincoln 
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In Vivo Phosphorus 31 Magnetic Resonance Spectroscopy 


of Human Uveal Melanomas and Other Intraocular Tumors 





Patrick De Potter, M.D., Constantin von Weymarn, Ph.D., and Leonidas Zografos, M.D. 


We studied the feasibility of using the sur- 
face coil probe technique for the noninvasive 
in vivo study of ocular tumors by phosphorus 
31 magnetic resonance spectroscopy. The 
characteristic organophosphate metabolites 
of suspected uveal melanomas before proton 
beam irradiation were determined qualita- 
tively by phosphorus 31 magnetic resonance 
spectroscopy in vivo using a three-turn sur- 
face coil. Spectra of choroidal hemangioma, 
osteoma, and metastasis were also obtained in 
vivo and compared with those of uveal mela- 
nomas. Analysis of spectra performed at 1.5 T 
showed significant peaks of phosphomono- 
esters, inorganic phesphate, phosphodiesters, 
phosphocreatine, and adenosine 5’-triphos- 
phates. The unusually high concentration of 
phosphodiesters may be considered as a mark- 
er for uveal melanomas and other choroidal 
tumors. By analyzing the ratio of phosphocre- 
atine to phosphodiesters spectral area values, 
we interpreted qualitatively spectra of intra- 
ocular tumors to differentiate malignant tu- 
mors from benign lesions. Nevertheless, the 
main limitation of interpreting the spectra 
was their contamination by signals from sur- 
rounding tissues. 


In vivo phosphorus 31 spectroscopy provides a 
powerful noninvasive method for examining 
the metabolic processes of cells and tissues. It 
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provides essential biochemical information re- 
garding the principal organophosphates in the 
cell (state of oxygenation, intracellular pH, and 
ability to transport various molecules across 
the cellular membranes).! The introduction of 
the surface coil has enhanced the use of mag- 
netic resonance spectroscopy for the in vivo 
observation of tumors” and the monitoring of 
ocular tissue metabolites. This has been 
achieved in animal eyes as well as in human 
enucleated eyes by studying cornea,”” lens,”” 
retina,” nonocular tumors,” and ocular tu- 
mors 

We determined the characteristics of human 
uveal melanomas and other intraocular tumors 
by in vivo phosphorus 31 magnetic resonance 
spectroscopy. By using a surface coil and ap- 
propriate radiofrequency pulses, we identified 
qualitatively and attempted to interpret some 
markers for uveal melanomas and other choroi- 
dal tumors. 





Patients and Methods 


The magnetic resonance measurements were 
obtained on ten patients with uveal melanoma 
and three patients with other intraocular tu- 
mors before treatment. Magnetic resonance ex- 
aminations were also performed on a normal 
phakic eye and a pseudophakic eye of the same 
patient to measure the contribution of the lens. 
Spectra were acquired on a 1.5-T (64-MHz) 
whole body magnetic resonance system at the 
Department of Radiology, University Hospital, 
Zurich, Switzerland. 

For the spectroscopy of the eye, we used a 
balanced-matched” three-turn surface coil of 3 
cm in diameter that was designed and con- 
structed at the University Hospital of Zurich. 
The coil, resonating at 25.86 MHz, was used for 
both excitation and reception of the signal. As 
an external reference for pulse adjustments and 
as a reference in the phosphorus 31 magnetic 
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Fig. 1(De Potter, von Weymarn, and Zografos). The 
three-turn surface coil of 3 cm in diameter was 
positioned on the eye containing the tumor with a 
thin cotton layer between the antenna and the eyelid. 


resonance spectrum, we used a small sphere (2 
mm in diameter) containing a 1-mol/1 solution 
of hexachlorocyclotriphosphazene, placed in 
the center of the surface coil. The coil was 
positioned on the eye with the lesion, with a 
thin layer of cotton between the eye and the 
antenna (Fig. 1). We changed the reference 
volume of the small sphere in two patients 
(cases 5 and 6), which accounted for the change 
of amplitude of the reference peak in these 
spectra. No reference was used in the patients 
described in Cases 2 and 12. The reference was 
a control marker that was necessary for power 
and frequency adjustments when the signal 
was extremely weak. Quantification with the 
information data and the reference used was 
not assessable. Therefore, we analyzed our data 
qualitatively by comparing peak ratios. 

The patients were in a supine position for 
optimal comfort and immobilization. Each 
spectrum was obtained in eight-minute inter- 
vals, which gave a total examination time of 
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approximately one hour. We performed mag- 
netic resonance spectroscopy of the eye with 
the tumor and the fellow eye in the same ses- 
sion in only one patient because of the long 
duration of the procedure. First, a set of trans- 
verse images were acquired with the body coil 
to control the position and the size of the 
tumor. The subsequent shimming was per- 
formed with the surface coil using the proton 
signal. Shimming was difficult and usually the 
achievable line width was approximately 30 Hz 
full width at half maximum. After manual tun- 
ing and matching to the phosphorus frequency, 
the spectra were acquired with a sample fre- 
quency of 3,000 Hz, 1,024 data points, and 64 
scans with a repetition time of four seconds 
using an adiabatic radiofrequency pulse for the 
excitation of the spins. 

The pulse length of the adiabatic pulse was 
adjusted to cover the region of the choroidal 
tumor. The sensitivity was increased to a depth 
equal to the diameter of the coil. By experimen- 
tally determining portions of equivalent field 
strength, we found a penetration depth of the 
pulse to cover one diameter of the coil (Fig. 2). 
To analyze the spectra, the free induction decay 
was multiplied with an exponential filter to 
improve the signal-to-noise ratio. We broad- 
ened the lines by approximately 10 Hz, which 
resulted in an optimal spectral resolution of 22 





Fig. 2(De Potter, von Weymarn, and Zografos). The 
penetration depth of the exciting adiabatic pulse was 
measured experimentally. The eye is confined within 
the penetration range of the pulse power. The 10% 
field represents limits of the coil sensitivity for exci- 
tation. 
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Hz. A convolution-difference filter of 200 Hz 
was applied to suppress the broad signal of the 
solid bone. Thereafter, the free induction decay 
was Fourrier-transformed and phase-corrected. 
From these spectra, the zero- and first-order 
phase corrections, the peak positions, peak 
heights, and peak widths were estimated and 
input into a least mean square fit program, 
where the estimated data were fitted to the 
measured free induction decay. To quantify the 
analysis, the fitted spectrum was subtracted 
from the measured one and checked for its 
performance. The difference between the mea- 
sured and the fitted data was smaller or equal to 
1.5 times the noise level. 

Control eyes—The first magnetic resonance 
measurements were performed on a 35-year- 
old woman with a phakic left eye and a pseudo- 
phakic right eye. A cataract developed after 
penetrating trauma in the right eye. Extracap- 
sular cataract extraction and insertion of a mul- 
tifocal intraocular lens were performed one 
month before the spectroscopy. The left eye 
had no lens opacities. 

Eyes with uveal melanoma—Clinical data re- 
garding the ten patients with uveal melanoma 
are shown in Table 1. There were five men and 
five women, who ranged in age from 35 to 72 
years. The mean age was 56.1 years. The largest 
diameter of the tumors varied from 13 to 23 mm 
(mean, 16.4 mm). The smallest diameter varied 
from 11 to 21 mm (mean, 15 mm). The height of 


the tumors varied from 2.5 to 13.2 mm (mean, 
7.7 mm). The anterior margin of the tumor was 
located posterior to the equator in four eyes and 
anterior to the equator in six eyes. Serous reti- 
nal detachment around the tumor was noted in 
two eyes and a bullous retinal detachment in 
four eyes. Posterior subcapsular cataract was 
present in one eye. 

The diagnosis of uveal melanoma was estab- 
lished by indirect binocular ophthalmoscopy 
and real time B-scan ultrasonography. Fundus 
photography was performed in all patients. 
Fluorescein angiography and standardized A- 
scan ultrasonography were performed in all 
patients. Preoperative transillumination was 
performed in eight patients before and in two 
patients after magnetic resonance spectrosco- 
py. The tumor in all eyes provided a circum- 
scribed dark shadow. No extrascleral extension 
was seen. Tantalum rings were sutured on the 
sclera around the tumor base to be used as 
reference markers for alignment of the tumor 
with the proton beam. Four tantalum rings were 
sutured on the sclera of five patients, and five 
rings were sutured on the sclera of three pa- 
tients. 

To decrease the tumor exudation, additional 
xenon photocoagulation of the tumor surface or 
around the tumor base was performed in four 
eyes before magnetic resonance spectroscopy. 
One eye was enucleated three days after the 
spectroscopy. Half of the globe of this eye was 





TABLE 1 
PATIENTS WITH UVEAL MELANOMA STUDIED BY IN VIVO PHOSPHORUS 31 MAGNETIC RESONANCE 
SPECTROSCOPY 
CASE NO., LOCATION RETINAL TUMOR SIZE VOLUME TANTALUM 
AGE (YRS), SEX OF TUMOR DETACHMENT (MM) (ML) PHOTOCOAGULATION RINGS 
1,41,M R.E., anterior to Bullous 16 x 14 x 13.2 1.42 No Yes 
equator 
2, 68, M R.E., ciliary body, No 19 x 17 x 11.4 1.97 No Yes 
cataract 
3; 56,.F L.E., anterior to No 13 x 13 x 5.1 0.46 Yes Yes 
equator 
4,61, F R.E., posterior pole Localized 15 x 14 x 7.3 0.58 Yes Yes 
5, 67, F R.E., posterior pole No 15 x 14. x 5.2 0.50 Yes Yes 
recurrence 
6, 42, M R.E., posterior pole No 4x 11 xX 25 0.21 Yes Yes 
7, 62, F R.E., posterior pole Bullous 19 x 17 x 5.5 0.79 No No 
8,57, M L.E., anterior to Bullous 23 x 17 x 8.2 1.54 No Yes 
equator 
9, 35, F R.E., ciliary body Bullous 23 x 21 x 10 2.11 No Yes 
10, 72, M R.E., ciliary body Localized 13 x 12x 9 0.60 No No 
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TABLE 2 
PATIENTS WITH OTHER INTRAOCULAR TUMORS STUDIED BY IN VIVO PHOSPHORUS 31 MAGNETIC RESONANCE 
SPECTROSCOPY 
SS a a teenie enemas UULU 
CASE NO., LOCATION AND RETINAL TUMOR SIZE VOLUME 
AGE (yrs), SEX TYPE OF TUMOR DETACHMENT (MM) (ML) 
11, 60, F R.E., choroidal metastasis of breast Bullous 20 x 10 x 2 0.36 
carcinoma, posterior pole 
12, 64, F R.E., choroidal hemangioma, Bullous 138 x 11 x32 0.27 
posterior pole 
13, 65, M L.E., choroidal osteoma No 10k 7x2 0.15 
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fixed in a mixture of formaldehyde 4% and 
glutaraldehyde 1%, dehydrated, and embedded 
in paraffin. Histologic examination was per- 
formed. 

Eyes with other intraocular tumors—Clinical 
data regarding patients with other intraocular 
tumors are shown in Table 2. A 60-year-old 
woman was referred for conservative treatment 
with external beam irradiation of choroidal 
metastasis in the right eye. She had been treat- 
ed seven years previously for a breast carcino- 
ma with mastectomy and radiotherapy. The 
diagnosis of metastatic choroidal tumor was 
confirmed by clinical examination, fluorescein 
angiography, and ultrasonography. The vol- 
ume of the tumor was estimated to be 0.36 ml. 
Magnetic resonance spectroscopy was per- 
formed before the external beam irradiation. 

A 64-year-old woman with a juxtapapillary 
choroidal hemangioma of 0.27-ml volume was 
examined by spectroscopy before treatment 
with proton beam irradiation. 

A 65-year-old man with a choroidal osteoma 
located at the posterior pole of the left eye 
without serous retinal detachment and retinal 
or vitreous hemorrhage was examined by mag- 
netic resonance spectroscopy. The diagnosis 
was confirmed by ultrasonography and com- 
puted tomography. Measurements showed a 
tumor with a volume of approximately 0.15 ml. 

Peak positions in Table 3 were referenced 
internally to phosphocreatine. Peak assign- 
ments were made by comparison with reported 
chemical shift data and perchloric acid extracts 
of cultured human cells.” 
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Results 
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The main resonance peaks observed in the 
normal phakic and pseudophakic eye were ob- 


tained with a pulse width of one third of the 
normal pulse power. Spectra were dominated 
by the phosphate metabolites of the cornea, 
iris, lens, and extraocular muscles in the eyelid: 
the external reference; the sugar phosphates 
band including overlapping resonances from 
the phosphorylated sugars and the phospho- 
monoesters caused by the resolution of spectra; 
phosphorylethanolamine and phosphorylcho- 
line; the inorganic phosphate; the phosphodi- 
esters band, including principally glycerol 3- 
phosphorylcholine; the phosphocreatine; and 
the nucleosides triphosphates with the ionized 
a, B, y chain-terminal phosphate (Fig. 3, top). 
In the pseudophakic eye, we noted a general 
decrease of the baseline spectrum, but the spec- 
trum appears the same in terms of the peaks 
that are present (Fig. 3, bottom). 

In the phakic eye, we calculated the contribu- 
tion from the lens in the phosphomonoesters 
(sugar phosphates band), and adenosine tri- 
phosphates signals by the ratio of these peaks 
in pseudophakic and phakic eyes, estimating 
that contamination from surrounding tissues 


TABLE 3 
PEAK ASSIGNMENTS FOR IN VIVO PHOSPHORUS 31 
MAGNETIC RESONANCE SPECTRA OF EYES WITH 
TUMORS 


—— 
CHEMICAL SHIFT (PPM) PEAK ASSIGNMENT 


6.54 Sugar phosphates band 
(phosphorylated sugars dhd 
phosphomonoesters) 

5.00 Inorganic phosphate 

2.29 Phosphodiesters 

0.00 Phosphocreatine 

= 2.35 y-adenosine 5-triphosphate 
= Tae a-adenosine 5-triphosphate 
—16.40 B-adenosine 5-triphosphate 
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Fig. 3 (De Potter, von Weymarn, 


\ 
\ ra B 
* and Zografos). In vivo phosphorus 


31 magnetic resonance spectrum of 
a normal phakic eye (top) and a 
pseudophakic eye (bottom) ob- 
tained with radiofrequency pulse 
width of one third of the normal 


pulse power. R, external reference; 
SP, sugar phosphates (phosphory- 
lated sugars and phosphomono- 
esters); Pi, inorganic phosphate; 
PDE, phosphodiesters (principally 
glycerol 3-phosphorylcholine); 

a PCr, phosphocreatine; ATP, adeno- 
sine 5-triphosphates. 


[ppa) 


was constant with a pulse width of one third of 
the normal pulse power that sampled the ante- 
rior region of the phakic and pseudophakic eye. 
For the ratio, we used both the peak height and 
the area under the peak to get more information 
about the quality of the data. The contribution 
from the lens for the phosphomonoesters signal 
is approximately 30% of that in the normal eye. 
The contribution for the adenosine triphos- 
phates signals is approximately 15% of those in 
the normal phakic eye. The contribution of the 
phosphodiesters signal from the lens is not 
significant and most likely contains glycerol 
3-phosphorylcholine, as demonstrated in pre- 
vious studies.®* The rest of the phosphomono- 
esters, phosphodiesters, and adenosine tri- 
phosphates signals originate mainly from the 
extraocular muscles, the anterior orbital fat 
tissue, and the cornea. 

Figure 4 is the phosphorus 31 magnetic reso- 
nance spectrum of an eye with a choroidal 
melanoma. This right eye contained a large 
choroidal melanoma originating superonasally 
with a secondary bullous inferior retinal de- 
tachment. Three days before the in vivo spec- 
troscopy, four tantalum rings were sutured on 
the sclera. The spectrum was obtained with a 
total pulse power to cover the tumor region. 

No modification of the series of nine spectra 
(Figs. 5, 6, and 7) with the same normal pulse 


power was noted in eyes without tantalum rings 
or in newly operated on eyes with episcleral 
tantalum rings. Xenon photocoagulation on the 
tumor surface did not change the pattern of 
spectra. The presence of posterior subcapsular 
opacities did not modify the general profile of 
the phosphorus 31 magnetic resonance spec- 
trum; we noted only a decrease of phosphocrea- 
tine and adenosine triphosphate resonance sig- 
nals. 

The findings in Case 10 show the phosphorus 
31 magnetic resonance spectrum of an eye with 
a large ciliary body melanoma. The eye was 
enucleated three days after magnetic resonance 
measurements because of the large size of the 
tumor. Microscopic examination disclosed 70% 
spindle cells, balloon cell transformation, and 
few necrotic cells. The high phospholipid con- 
centration and the absence of necrosis may 
explain the particular spectrum of this tumor, 
with a high sugar phosphates signal containing 
the phosphomonoesters band and a low inor- 
ganic phosphate signal in comparison with the 
other spectra. 

Phosphorus 31 magnetic resonance spectra 
of eyes with other choroidal tumors show the 
same general pattern with different signal in- 
tensities (Fig. 8). 

High levels of phosphodiesters, glycerol 3- 
phosphorylethanolamine and glycerol 3-phos- 
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Fig. 4 (De Potter, von Weymarn, 
and Zografos). Case 1. In vivo 
phosphorus 31 magnetic resonance 
spectrum of a human eye contain- 

8 ing a choroidal melanoma located 
anterior to the equator and associ- 
ated retinal detachment obtained 
with a total radiofrequency pulse 
power. R, external reference; SP, 
sugar phosphates, including phos- 
phomonoesters; Pi, inorganic phos- 
phate; PDE, phosphodiesters; PCr, 
phosphocreatine; ATP, adenosine 
5-triphosphates. The phosphodi- 
esters peak includes overlapping 
of glycerol 3-phosphorylethano- 
lamine and glycerol 3-phosphoryl- 
choline resonances. 





30.000 22.500 15.000 7.5000 .00000 -7.5000 
[ppa] 


phorylcholine, were noted in our melanoma 
spectra. The resolution of spectra, however, did 
not always allow distinction of the phosphodi- 
esters component from the phosphodiesters 
peak signal. Other peaks common to all meta- 
bolically active tissues (cornea, lens, tumor, 


Care 2 


Case 3 


Case 4 





and extraocular muscles), caused by the high- 
energy compounds, adenosine 5-triphosphate 
and phosphocreatine, are also evident. 

It is generally believed that mensuration data 
of the six extraocular muscles appear to be 
relatively constant in adults.*! The resonance 


Fig. 5 (De Potter, von Weymarn, 
and Zografos). Case 2, first row. In 
vivo phosphorus 31 magnetic reso- 
nance spectrum of a human eye 
containing a ciliary body melano- 
ma with lens opacities. Case 3, sec- 
ond row. In vivo phosphorus 31 
spectrum of an eye with a choroidal 
melanoma located anterior to the 
equator. Case 4, third row. In vivo 
phosphorus 31 spectrum of an eye 
with a choroidal melanoma located 
in the posterior pole and an associ- 
ated localized retinal detachment. 
These spectra were obtained with a 
total radiofrequency pulse power. 
R, external reference; SP, sugar 
phosphates, including phospho- 
monoesters; Pi, inorganic phos- 
phate; PDE, phosphodiesters; PCr, 
phosphocreatine; ATP, adenosine 
-20.000 5-triphosphates. 
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Fig. 6 (De Potter, von Weymarn, 
and Zografos). Case 5, first row. In 
vivo phosphorus 31 magnetic reso- 
nance spectrum of a human eye 
containing a recurrent choroidal 
melanoma treated previously with 
proton beam irradiation. Case 6, 
second row. In vivo phosphorus 31 
spectrum of an eye with a choroidal 
melanoma. Case 7, third row. In 
vivo phosphorus 31 spectrum of an 
eye with a choroidal melanoma and 
retinal detachment. Melanomas 
were located in the posterior pole 
in the three eyes, and spectra were 
obtained with a total radiofre- 
quency pulse power. R, external 
reference; SP, sugar phosphates, 
including phosphomonoesters; Pi, 
inorganic phosphate; PDE, phos- 
phodiesters; PCr, phosphocreatine; 
ATP, adenosine 5-triphosphates. 


from phosphocreatine is of low intensity in and the orbit where the volume appears to be 
ocular tissues’ and ocular tumors such as cho- constant from one patient to another,” we com- 
roidal melanoma.”**™ Since the important con- pared the phosphocreatine peak intensity to 
tribution of the phosphocreatine signal origi- that of the phosphodiesters to differentiate the 
nates from extraocular muscles in the eyelid intraocular tumors. 


PCr 


ATP 
Pi | 
SP | ene J es 
R \ : B 
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Case 8 
Case 9 
Case 10 
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Fig. 7 (De Potter, von Weymarn, 
and Zografos). Case 8, first row. In 
vivo phosphorus 31 magnetic reso- 
nance spectrum of human eye con- 
taining a choroidal melanoma lo- 
cated anterior to the equator with 
an associated retinal detachment. 
Case 9, second row. In vivo phos- 
phorus 31 spectrum of an eye with 
a ciliary body melanoma and reti- 
nal detachment. Case 10, third 
row. In vivo phosphorus 31 spec- 
trum of an eye with a ciliary body 
melanoma and with retinal detach- 
ment. These spectra were obtained 
with a total radiofrequency pulse 
power. R, external reference; SP, 
sugar phosphates, including phos- 
phomonoesters; Pi, inorganic 
phosphate; PDE, phosphodiesters; 
PCr, phosphocreatine; ATP, adeno- 
sine 5-triphosphates. 
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Fig. 8 (De Potter, von Weymarn, 
and Zografos). Case 11, first row. In 
vivo phosphorus 31 magnetic reso- 
nance spectrum of an eye contain- 
ing a choroidal metastasis located 


ern in the posterior pole with an associ- 
ated retinal detachment. Case 12, 
second row. In vivo phosphorus 31 
spectrum of an eye with a juxtapap- 
illary choroidal hemangioma. Case 
13, third row. In vivo phosphorus 
31 spectrum of human eye contain- 
Case 12 ing a choroidal osteoma located at 


Case 13 


the posterior pole. These spectra 
were obtained with a total radiofre- 
quency pulse power. R, external 
reference; SP, sugar phosphates, 
including phosphomonoesters; Pi, 
inorganic phosphate; PDE, phos- 
phodiesters; PCr, phosphocreatine; 


LO ATP adenosine 5-triphosphates. 


[ppm] 


Phosphocreatine:phosphodiesters area val- 
ues ratios in the normal phakic eye, the ten eyes 
with melanomas, and the three eyes with other 
lesions, all sampled with the normal pulse 
power, are shown in Table 4. The standard error 
for the given values came from signal-to-noise 
ratios of our spectra. We estimated it to be + 9% 
for the ratio values. The dependence of the 
phosphocreatine:phosphodiesters ratio values 
from the estimated volume of uveal melanomas 
and the normal phakic eye is shown in Figure 9. 
By analyzing the ratio values, the concentration 
of phosphodiesters in a normal eye was estimat- 
ed to be 30% less than in an eye with a small 
melanoma. All of our melanoma spectra 
showed low phosphocreatine:phosphodiesters 
ratios because of high phosphodiesters concen- 
trations, which tend to increase with the vol- 
ume of the tumor. This high phosphodiesters 
level was only detected in melanomas with a 
tumor volume larger than 0.21 ml. The phos- 
phodiesters level in the eye with a smaller 
melanoma (Case 6) appeared as low as in the 
normal phakic eye. 

The three eyes with other choroidal tumors 
showed low phosphocreatine:phosphodiesters 
ratio values (Table 4). The choroidal hemangio- 
ma with a volume of 0.27 ml compared by 
extrapolation to the choroidal metastasis with a 
volume of 0.36 ml was characterized by an 
increase of approximately 50% of the phospho- 


creatine:phosphodiesters ratio because of the 
lower phosphodiesters concentration in the 
choroidal hemangioma. The metastatic tumor 
(0.36 ml) compared by extrapolation with the 
smallest melanoma (0.46 ml) showing a detect- 
able phosphodiesters level was characterized 


TABLE 4 
RATIOS OF PHOSPHOCREATINE:PHOSPHODIESTERS 
AREA VALUES OF TUMOR SPECTRA SAMPLED WITH A 
TOTAL RADIOFREQUENCY PULSE POWER 





TUMOR 
VOLUME PHOSPHOCREATINE: 
CASE NO. (ML) PHOSPHODIESTERS 
Normal 0.00 1.16+0.101 
1 1.42 0.52+0.047 
2 1.97 0.75+0.067 
3 0.46 0.86+0.077 
4 0.58 0.61+0.055 
5 0.50 0.69+0.062 
6 0.21 1.75+0.158 
7 0.79 0.51+0.046 
8 1.54 0.61+0.055 
9 2.11 0.60+0.054 
10 0.60 0.43+0.039 
11 0.36 0.53+0.048 
12 0.27 0.81+0.073 
13 0.15 0.56+0.050 
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by an estimated decrease of 20% of the phos- 
phocreatine:phosphodiesters ratio. However, 
the choroidal hemangioma (0.27 ml) compared 
by extrapolation with the same choroidal mela- 
noma (0.46 ml) showed an increase of approxi- 
mately 50% of this ratio. Although the choroi- 
dal osteoma (Case 13) had a volume of 0.15 ml, 
a phosphodiesters peak was identified in the 
phosphorus 31 spectrum, and the phosphocrea- 
tine:phosphodiesters ratio was different than 
that of anormal phakic eye. This ratio appeared 
to be as low as that of a choroidal melanoma 
that was four times larger in size. 

We did not determine the chemical shift of 
the inorganic phosphate peak because pH anal- 
ysis showed no changes overall in the patients. 
The small number of our patients did not allow 
any statistical analysis. 





Discussion 





Until recently, phosphorus 31 magnetic reso- 
nance spectra of ocular tumors have been ob- 
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NORMAL PHAKICEYE Fig. 9 (De Potter, von Wey- 
marn, and Zografos). Tumor 
volume dependence of phos- 
phocreatine:phosphodiesters 
ratio area values in uveal 
melanomas determined by 
phosphorus 31 magnetic res- 
onance spectroscopy in vivo. 


tained only on enucleated human eyes m1 


perfused cultured cells,” cultured cell pellets,” 
and tumors in athymic nude mice.” Kolodny 
and associates” demonstrated that the phos- 
phorus metabolite levels in choroidal melano- 
mas differ from those in normal human lens. All 
of the eyes with melanoma had increased levels 
of the membrane phospholipid monoesters, 
phosphorylethanolamine and phosphorylcho- 
line, and phosphodiesters, glycerol 3-phospho- 
rylethanolamine and glycerol 3-phosphoryl- 
choline.” However, significant variation in 
the relative levels of the four monoester and 
diester compounds was observed. 

To study the in vivo tumor metabolism, the 
spectral acquisition variables (the radiofre- 
quency pulse power) were optimized for the 
ocular tumor by increasing the penetration of 
the exciting radiofrequency pulse with the total 
normal pulse power.'** Moreover, by using an 
adiabatic pulse, the excitation range could 
reach to a depth of the diameter of the coil. 
Spectral contamination from surrounding tis- 
sues, such as the extraocular muscles in the 
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eyelid and the orbit, cannot be excluded (partic- 
ularly for phosphocreatine and adenosine tri- 
phosphate signals) and represents the most 
important limitation for interpretation. 

The sugar phosphate resonance band in al- 
most all tissues exhibits three characteristic 
groups of signals: a band corresponding to 
triose phosphates, a band corresponding to 
hexose and pentose phosphates, and a band 
corresponding to phosphomonoesters, phos- 
phorylethanolamine, and phosphorylcholine.”' 
The trioses, hexoses, and phosphomonoesters 
band shows usually a complex system of over- 
lapping resonance multiplets, which, depend- 
ing on their concentration, may show promi- 
nent signals. In all of our spectra, it was 
difficult to detect high-resolution signals from 
the sugar phosphate resonance band. The high- 
est sugar phosphates signal was obtained in our 
only histologic specimen that showed balloon 
cell degeneration (Case 10). 

According to Evanochko, Ng, and Glickson,™” 
the varying levels of inorganic phosphate in 
spectra can be explained by the volume of the 
tumor and the vascular occlusions during fast 
tumor growth, which result in metabolic depri- 
vation and increase in proportion of hypoxic 
cells. An increase of inorganic phosphate and 
decrease of phosphocreatine can then be ob- 
served. We did not find an inorganic phos- 
phate-dominant pattern with complete loss of 
adenosine triphosphates, characteristic of tu- 
mor necrosis.'**!* This could be explained by 
the contribution of the lens and extraocular 
muscles for the adenosine triphosphates sig- 
nals. The absence of necrosis proved by micro- 
scopic examination in one eye (Case 10) may 
explain the small inorganic phosphate level in 
this spectrum. 

According to Sostman, Armitage, and Fisch- 
er," the peaks caused by the high-energy com- 
pounds, adenosine 5-triphosphates and phos- 
phocreatine, have been shown to reflect the 
overall metabolic activity of many types of 
tissues. The levels of these peaks most likely 
reflect the viability of probably well-vascu- 
larized and predominantly aerobic tumor with 
most of adenosine triphosphates being generat- 
ed by oxidative phosphorylation and phospho- 
creatine being the storage form of high-energy 
phosphates." Damage to tumor vasculature 
might result in decreased blood flow that would 
also lead to rapid decrease in phosphocreatine 
and adenosine triphosphates.!'’*'§ Since the 
phosphocreatine peak is always small or not 
visible in different types of human malignant 


tumors’ and the phosphocreatine signal is 
attributed primarily to contributions from sur- 
rounding extraocular muscles, this metabolite 
does not represent any significant tumor com- 
ponent to evaluate the aerobic metabolism. 

The most prominent feature of choroidal mel- 
anomas and other choroidal tumors in in vivo 
phosphorus 31 magnetic resonance spectra ap- 
pears to have a major component: the phospho- 
diesters peak. Because of the spectra resolution, 
this resonance band from _ phosphodiesters 
shows a unique prominent peak with overlap- 
ping resonances from glycerol 3-phosphoryl- 
ethanolamine and glycerol 3-phosphoryl- 
choline. Conversely, the resonance from 
phosphodiesters in spectra of the normal 
phakic and pseudophakic eye is identified as 
being principally assigned to glycerol 3-phos- 
phorylcholine.** We did not find the other high 
identifiable level of phosphomonoesters, phos- 
phorylethanolamine and phosphorylcholine, 
which were detected in uveal melanoma cells 
and melanoma in enucleated eyes, as markers 
of the uveal melanoma cells.” The poor reso- 
lution of our spectra in sugar phosphates, phos- 
phomonoesters, and inorganic phosphate re- 
gions, however, makes any identification of 
these compounds difficult. The only spectrum 
that had a high-resonance signal from the 
sugar phosphates (phosphomonoesters) is ob- 
served when balloon cell transformation was 
seen on histologic examination. Thus, two con- 
ditions are necessary to show high identifiable 
peaks: high concentration of the compound in 
the tumor in vivo and high signal-to-noise 
ratio. 

As reported by Sostman, Armitage, and 
Fischer,” Proietti and associates,” and Car- 
pinelli and associates,” phosphodiesters may 
be involved in phospholipid catabolism, and 
phosphomonoesters are involved in phospho- 
lipid synthesis. It is then possible that their 
proportion may reflect rates of membrane syn- 
thesis and catabolism. Studies using phosphor- 
us 31 magnetic resonance in Friend leukemia 
cells subcutaneously implanted in mice*’ have 
shown significant increase in phosphodiesters 
with growth of tumor mass and have speculated 
that this increase of phosphodiesters levels may 
reflect membrane catabolism in cells undergo- 
ing ischemic injury. The modulations in the 
phosphodiesters levels are suggested as possi- 
ble markers for monitoring conditions of 
growth, differentiation, and proliferative capa- 
bility of cells.*°*” Since the contribution of the 
phosphodiesters signal from muscle spectra is 
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low and from surrounding tissues is constant, 
we believe that phosphodiesters may represent 
a useful variable with which to identify the 
tumor. 

Because phosphocreatine does not represent 
any ocular tumor component*”*' and because of 
its relatively constamt contribution from sur- 
rounding extraocular muscles in the eyelid and 
the orbit,*’ we compared the ratio of phospho- 
creatine to phosphodiesters area values to iden- 
tify choroidal tumors that show lower ratio 
values because of higher concentrations of 
phosphodiesters than those of the normal 
phakic eye. This high phosphodiesters level 
was only detected in choroidal melanomas with 
a volume greater than 0.21 ml (Fig. 9). Uveal 
melanomas and the choroidal metastasis had 
higher phosphodiesters concentration than that 
of benign choroidal tumors. This could be ex- 
plained by the proliferative capability of malig- 
nant cells and their higher phospholipid metab- 
olism.” The choroidal hemangioma with a 
volume of 0.27 ml compared by extrapolation 
to the choroidal metastasis (0.36 ml) and the 
smallest melanoma (0.46 ml) with a detectable 
phosphodiesters level was characterized by an 
increase of approximately 50% of the phospho- 
creatine:phosphodiesters ratio because of the 
lower phosphodiesters level. However, it ap- 
peared that the choroidal metastasis (0.37 ml) 
compared by extrapolation to this choroidal 
melanoma (0.46 ml) had a higher phosphodies- 
ters concentration. This could be explained by 
the more aggressive proliferative potential of 
metastatic cells than melanocytic cells. 

We were surprised to find such a high phos- 
phodiesters level in the spectrum of the small 
choroidal osteoma, which is a benign tumor. 
Choroidal osteoma has been reported to appear 
as a bright signal on T,-weighted images and 
dark signal on T.-weighted scans (unpublished 
data). It was postulated that the high concentra- 
tion of phosphodiesters metabolites accumulat- 
ed in the intertrabecular fat marrow explains 
these magnetic resonance imaging features. 
Melanoma with a volume less than 0.21 ml 
could not show phosphodiesters signal high 
enough to be distinguished from the normal 
phakic eye. The phosphodiesters concentration 
increased with the volume of the melanoma, 
which may have resulted from the different 
stages of growth, since the tumor doubling 
times, the tumor growth rate, and histologic 
examination in our cases are unknown. The 
amount of inorganic phosphate was not consid- 
ered as a useful variable, because it is influ- 


enced by the body’s ability to remove anoxic 
cells from the tumor.” 

The absence of artifacts from the tantalum 
rings was explained by the nonmagnetic prop- 
erty of pure tantalum.”* No changes in the 
phosphorus 31 magnetic resonance profiles of 
eyes with or without rings were found. 

Xenon photocoagulation therapy performed 
to decrease the tumor exudation is effective 
only on the superficial regions of the tumor and 
after two or three weeks.*’*’ This could explain 
the lack of changes in the spectra of the treated 
eyes. 

These preliminary data on the potential ap- 
plications of in vivo phosphorus 31 magnetic 
resonance spectroscopy for the differential di- 
agnosis of intraocular tumors are promising 
despite spectra contamination from surround- 
ing tissues inherent in the surface coil probe 
and the small number of cases. New techniques 
to increase detection sensitivity and exclusion 
of signal contamination from surrounding tis- 
sue, such as chemical shift imaging, will 
have to be found for better interpretation of 
phosphorus 31 magnetic resonance spectra. 
The feasibility of using in vivo magnetic reso- 
nance spectroscopy to determine cell types, to 
study the tumor response to irradiation by ana- 
lyzing aerobic metabolism of the tumor, and to 
predict the prognostic factors for the develop- 
ment of metastasis warrants further research. 
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OPHTHALMIC MINIATURE 

She had intended to say “Whose boy are you?” but she said nothing, her 
mouth opening on a vanished sentence. His eyes as they turned and looked 
down at her were the color of the lake just before dark when the last 
daylight has faded and the moon has not risen yet, and for an instant she 
thought she saw something fleeing across the surface of them, a lost light 

that came from nowhere and vanished into nothing. 
Flannery O’Connor, The Violent Bear It Away 
New York, Farrar, Straus & Cudahy, 1955, p. 156 





Prevalence and Association of Asteroid Hyalosis With 


Systemic Diseases 


Robert L. Bergren, M.D., Gary C. Brown, M.D., and Jay S. Duker, M.D. 


We performed a cross-sectional study of 
12,205 patients, which identified 101 patients 
(0.83%) with asteroid hyalosis. These patients 
were examined for associated systemic and 
ocular conditions. Diabetes mellitus was 
found in 29 of the patients with asteroid 
hyalosis (29%), as compared to ten of 101 (10%) 
control subjects (P = .0007). An increased 
prevalence of systemic arterial hypertension 
(61 of 101 [60%] patients with asteroid hyalosis 
compared with 29 of 101 [29%] control sub- 
jects; P = .0001) and atherosclerotic vascular 
disease (30 of 101 [30%] patients with asteroid 
hyalosis compared with 13 of 101 [13%] control 
subjects; P = .006) was also discovered in the 
asteroid hyalosis group. Additionally, pa- 
tients with asteroid hyalosis were found to be 
more hyperopic than control subjects (P = 


Asrrroiw HYALosis was first described and 
differentiated from synchysis scintillans by 
Benson’ in 1894. At that time, he used the term 
asteroid hyalitis because the particles resem- 
bled “stars on a clear night.” Because there is 
no evidence of inflammation with this condi- 
tion, Luxenberg and Sime? suggested the cur- 
rently accepted term, asteroid hyalosis. Since 
its description, a number of studies have sug- 
gested a relationship between asteroid hyalosis 
and systemic conditions, including hypercho- 
lesterolemia, hyperlipidemia, hypercalcemia, 
and diabetes mellitus. Nevertheless, no ocular 
or systemic condition has been consistently 
associated with asteroid hyalosis. 

Several studies have reported a possible asso- 
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ciation between asteroid hyalosis and diabetes 
mellitus. The prevalence of diabetes in patients 
with asteroid hyalosis was found to be 25% (13 
of 52 patients) by Wasano and associates,’ 19% 
(six of 32 patients) by Smith,’ 33% (six of 18 
patients) by Agarwal and associates,’ 28% (nine 
of 32 patients) by Hatfield, Gastineau, and 
Rucker,’ and 27% (seven of 26 patients) by 
Bard.’ A follow-up study by Smith? found a 
prevalence of 66% (40 of 60 patients) using 
glucose tolerance testing with strict criteria. 
The prevalence of diabetes in all of these stud- 
ies is similar, except for the second study by 
Smith. The cumulative prevalence of diabetes 
in these studies is 37% (81 of 220 patients) or 
26% (41 of 160 patients) when the second study 
by Smith is excluded. All of these studies were 
uncontrolled, and some were taken from a re- 
ferral-based population. Additionally, diabetes 
mellitus was variably defined either by history, 
fasting blood glucose, or glucose tolerance test- 
ing. 

Luxenberg and Sime’ attempted to resolve 
the problems of these previous studies and 
performed a controlled, primarily general 
clinic-based study. They reported the preva- 
lence of diabetes in patients with asteroid 
hyalosis as 4% (four of 98 patients) by history 
and 41% (40 of 98 patients) by glucose toler- 
ance testing or history. The prevalence of dia- 
betes in their control group was 4% (four of 98 
patients) by history and 45% (44 of 98 patients) 
by glucose tolerance testing or history. There 
are two concerns with this study. First, the 
prevalence of 4% by history seems remarkably 
low when compared to the several previously 
reported series. Second, the prevalence of ab- 
normal glucose tolerance test results in more 
than 40% of subjects in both the study and 
control groups raises questions as to the signifi- 
cance of these tests in this population, as point- 
ed out by Luxenberg and Sime. This study, 
however, is widely quoted as evidence that 
asteroid hyalosis is not preferentially associat- 
ed with diabetes mellitus. 

We attempted to further clarify the relation- 
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ship of asteroid hyalosis to diabetes mellitus 
and other systemic conditions. We rely on con- 
trolled historical data from one clinic. 


Patients and Methods 


All consecutive patients who underwent a 
routine examination with pupillary dilation at 
the Primary Eye Care Service of Wills Eye 
Hospital between August 1989 and March 1990 
were included. The examination of all patients 
consisted of a detailed history of previous ocu- 
lar and systemic disease on a standard form. 
Specific questions concerning diabetes melli- 
tus, systemic arterial hypertension, atheroscle- 
rotic vascular disease (history of angina, heart 
attack, or stroke), and medications were record- 
ed routinely by ophthalmic technicians before 
ocular examination of all patients during the 
study period. Only patients with a history of 
systemic arterial hypertension who were cur- 
rently receiving treatment with a recognized 
antihypertensive medication were classified as 
hypertensive. Additionally, all patients were 
examined with slit-lamp biomicroscopy and 
had a known refractive error. 

Asteroid hyalosis was diagnosed by resident 
physicians who were specifically asked to 
screen for this entity. Those patients with any 
evidence of the abnormality, however mild, 
were included. Junior residents were requested 
to review the diagnosis with a senior resident or 
faculty if there was any question regarding the 
diagnosis. Resident physicians were required 
routinely to record patient information on a 
daily tally sheet, and a column specifically re- 
garding asteroid hyalosis was present on this 
sheet during the study period. 

The control group consisted of 101 patients 
from the same population. On three separate 
randomly chosen days during the predesignat- 
ed study period, the charts of control subjects 
were reviewed and were selected by age to 
match the patients. Patients were separated 
into five-year age groups. Consecutive charts 
on these days were accepted into the control 
group if they received a routine examination 
with pupillary dilation and their age fell into a 
five-year age group that was not previously 
filled. The person selecting the control subjects 
reviewed only the age of the potential control 
subjects and whether or not they had a fundus 
examination. Statistical analyses were per- 
formed using the chi-square analysis. The un- 
paired t-test was also used. 
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Results 


Of 12,205 subjects, 101 (0.83%) were noted 
to have asteroid hyalosis. Asteroid hyalosis was 
unilateral in 82 patients (81%). In these 82 
patients, 40 (49%) had involvement of the right 
eye, whereas the left eye was affected in 42 
(51%). 

The clinical characteristics of the asteroid 
hyalosis group and the control group were 
similar. The average age of patients in both 
groups was approximately 70 years. The age 
range of patients with asteroid hyalosis was 35 
to 97 years. Of the patients with asteroid 
hyalosis, 52 were women, 49 were men, 52 were 
white, and 49 were black. In the control group, 
44 were men, 57 were women, 44 were black, 
and 57 were white. None of these differences 
were Statistically significant. 

Of 101 patients with asteroid hyalosis, 29 
(29%) had a history of diabetes mellitus, as 
compared to ten of 101 control subjects (10%). 
This difference was statistically significant by 
chi-square analysis (P = .0007). Of 29 patients 
with diabetes and asteroid hyalosis, 13 were 
taking insulin, 13 were taking oral agents, and 
three were ona controlled diet alone. Of the ten 
control subjects with diabetes, two were taking 
insulin, six were taking oral agents, and two 
were on a controlled diet. These differences in 
control of diabetes were not significant. Diabet- 
ic retinopathy was found in nine of the 29 
patients with asteroid hyalosis and diabetes. Of 
the nine patients with diabetic retinopathy, five 
had mild background changes only, one had 
background changes with macular edema, and 
three had proliferative diabetic retinopathy. 
None of the ten patients with diabetes in the 
control group had ophthalmoscopically visible 
diabetic retinopathy. 

Systemic arterial hypertension was found in 
61 of 101 (60%) patients with asteroid hyalosis, 
as compared to 29 of 101 (29%) control sub- 
jects. This difference was statistically signifi- 
cant by chi-square analysis (P = .0001). Athero- 
sclerotic vascular disease was present in 30 of 
101 (30%) patients with asteroid hyalosis, as 
compared to 13 of 101 (13%) control subjects. 
This was also statistically significant by chi- 
square analysis (P = .006). 

The average refractive error of patients with 
asteroid hyalosis was +1.10 diopters, as com- 
pared to +0.193 diopters in the control group. 
This difference was statistically significant 
using an unpaired t-test (P = .009). The distri- 
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bution of refractive errors is shown in the 
Figure. 


Discussion 


Our findings confirm a relationship between 
asteroid hyalosis and diabetes mellitus, which 
contradicts the previous controlled study on 
asteroid hyalosis and diabetes by Luxenberg 
and Sime.” The difficulty with any inquiry in- 
volving diabetes is, of course, defining diabe- 
tes. The use of glucose tolerance testing, as 
performed by Luxenberg and Sime,” may not be 
appropriate. In 1979, the National Diabetes 
Data Group of the National Institutes of Health 
provided revised criteria for the diagnosis of 
diabetes with glucose tolerance testing.” These 
new criteria question the validity of previous 
studies using oral glucose tolerance testing.” 
Several large studies have shown that most 
patients with impaired glucose tolerance and a 
normal fasting blood glucose level never devel- 
op diabetes and may never manifest fasting 
hyperglycemia or symptomatic deterioration.” 
The difference seen with historical data alone is 
also not a perfect method because more false- 
negatives are incurred. Theoretically, taking 
control subjects from the same population as 
the study group helps to negate the effect of 
false-negatives. 

Asteroid hyalosis is also apparently related to 
systemic vascular disease. The prevalence of 
systemic arterial hypertension in 60% (61 of 
101) of patients with asteroid hyalosis is con- 
siderable, even with the prevalence in the con- 
trol group being as high as 29% (29 of 101). 
This increased prevalence of hypertension and 
diabetes also correlates with an increased prev- 
alence of atherosclerotic vascular disease. 
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Whether atherosclerotic disease is truly a pri- 
mary association, or simply more prevalent 
because of the concomitance of diabetes melli- 
tus and hypertension, is uncertain because the 
number of patients in our study was insufficient 
for multivariate analysis. Given these results, 
we recommend that patients who have asteroid 
hyalosis and have had no recent systemic exam- 
ination should at least have their blood pres- 
sure checked. Blood glucose testing should also 
be considered if the patient is not known to be 
diabetic. 

Asteroid hyalosis is clearly related to an ag- 
ing process, since it is rarely seen in patients 
younger than 50 years of age. Our data suggest 
that this process may be augmented by vascular 
and microvascular changes. Ultrastructural 
studies by Streeten,” Topilow and associates,” 
and Miller and associates” have shown that 
asteroid bodies are composed of multilaminar 
phospholipids associated with calcium-phos- 
phate complexes, which are attached to normal. 
vitreous strands. When comparing small aster- 
oid bodies to large ones, it appears that asteroid 
bodies are built up by deposition of successive 
layers of phospholipids. The relatively acellular 
vitreous is unlikely to have sufficient intrinsic 
phospholipid for these bodies. Streeten”! has 
therefore postulated that exogenous cell prod- 
ucts, such as from inflammation, hemorrhage, 
or leakage from adjacent vessels, may be the 
source of phospholipid and calcium for asteroid 
formation. Diabetes mellitus,” systemic arterial 
hypertension,” and atherosclerosis” can all 
predispose retinal vessels to damage and subse- 
quent leakage. 

Younger patients with asteroid hyalosis often 
have associated ocular disease. In the youngest 
patient in this study, aged 35 years, asteroid 
hyalosis was present bilaterally, in conjunction 
with bilateral retinal vein occlusions. This pa- 


Figure (Bergren, Brown, 
and Duker). Distribution of 
refractive errors in patients 
with asteroid hyalosis com- 
pared to contro] subjects. 


O Asteroid group 
E Control group 


> +4 


292 AMERICAN JOURNAL OF OPHTHALMOLOGY 


tient did not have diabetes mellitus, systemic 
arterial hypertension, or evidence of systemic 
vascular disease, and the cause of the retinal 
vein occlusions was unknown. An 11-year-old 
boy was described with Alstrom’s syndrome 
who had associated bilateral retinal pigment 
epithelial degeneration, a flat electroretino- 
gram, diabetes, and unilateral asteroid hyalo- 
sis.” In a report of a kindred of three children 
and a mother, asteroid hyalosis was found uni- 
laterally in eyes with severe myopia, retinal 
thinning, and decreased vision. Their fellow 
eyes without asteroid hyalosis did not have 
retinal thinning. Possibly, the development of 
asteroid hyalosis in these patients was associat- 
ed with retinal degeneration and the release of 
cellular products, such as phospholipids and 
calcium. 

Our data show that asteroid hyalosis is asso- 
ciated with a more hyperopic refractive error. 
The significance of this relationship is uncer- 
tain. This is a comparison of refractive errors 
from two groups, which may not represent the 
refractive error of the general population. Since 
asteroid hyalosis is not a symptomatic condi- 
tion, both groups presumably were initially 
examined for similar reasons. Patients with 
asteroid hyalosis, however, may be more likely 
to have a routine examination because they are 
more likely to have diabetes mellitus. 

The distribution of refractive errors in the 
Figure shows that patients with asteroid 
hyalosis seldom have a moderate or severely 
myopic refractive error. Only three of 101 pa- 
tients with asteroid hyalosis had myopia of 
greater than 2 diopters, as compared to 17 of 
101 control subjects. Wasano and associates’ 
and Topilow and associates” showed that pa- 
tients with asteroid hyalosis were less likely to 
have a detachment of their posterior vitreous, 
and if their vitreous was detached, the detach- 
ment was more likely to be partial. Wasano and 
associates® concluded that asteroid hyalosis has 
a protective effect on vitreous liquefaction, 
which prevents posterior vitreous detachment. 
An alternative explanation is that the posterior 
vitreoretinal interface may be important for the 
formation of asteroid hyalosis. Therefore, indi- 
viduals who maintain an attached posterior 
vitreous to an older age are more likely to 
develop asteroid hyalosis. This theory could 
explain why asteroid hyalosis is less frequently 
observed in patients with moderate to severe 
myopia, since posterior vitreous detachment is 
more common and occurs at an earlier age in 
this group.” 
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OPHTHALMIC MINIATURE 

Without my eyeglasses, I have a great deal of trouble distinguishing 
between house fires and beer signs. I wear the kind of glasses that they 
never show in those eyeglasses advertisements where the lenses are 
obviously fake because they don’t distort the attractive model's face at all. 
My lenses make the entire middle of my head appear smaller. When 
professional photographers take my picture, they always suggest that I take 
my glasses off, because otherwise the picture shows this head with the 
normal top and bottom, but in the middle there’s this little perfect 
miniature human head, maybe the size of an orange, staring out from 


behind my glasses. 


Dave Barry, Dave Barry’s Greatest Hits 


New York, Fawcett Columbine, 1988, p. 24 





Hereditary Hemorrhagic Macular Dystrophy 





Gloria Wu, M.D., Ronald C. Pruett, M.D., John Baldinger, M.D., 
and Tatsuo Hirose, M.D. 


We treated two brothers who had a hemor- 
rhagic macular lesion in one eye; a similar 
problem affected the fellow eye of both pa- 
tients within eight months. Generalized fine 
granularity of the retinal pigment epithelium 
and peripheral iris transillumination defects 
were observed in both siblings. A study of the 
family suggested that the disorder was domi- 
nantly inherited and probably was Sorsby’s 
pseudoinflammatory macular dystrophy. The 
macular lesions in one brother were treated by 
argon green laser photocoagulation and in the 
other brother by krypton red laser photocoag- 
ulation. Although the brother treated by 
krypton red laser photocoagulation attained 
better final visual function, additional differ- 
ences in treatment methods also may have 
contributed to the final outcome. 


In 1949, Sorsby, Joll Mason, and Gardener’ 
described an autosomal dominant macular dys- 
trophy they termed pseudoinflammatory be- 
cause the lesions resembled inflammatory scar- 
ring. The onset of the condition was in the third 
and fourth decades of life. In the early stage, 
acute visual loss was caused by macular hemor- 
rhage, exudation, and edema. Later fundus 
characteristics included continued exudation, 
cicatrization, and pigmentary changes. Finally, 
atrophy of the retinal pigment epithelium oc- 
curred with exposure of the large choroidal 
vessels. 

In 1978, Carr, Noble, and Nasaduke® de- 
scribed four members of a family with Sorsby’s 
dystrophy, all af whom developed bilateral 
macular hemorrhagic lesions in their third dec- 
ade. Three eyes of two patients were treated. 
One eye received argon laser photocoagulation 
with no improvement in vision. Two eyes of the 
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second patient also received photocoagulation, 
but the method was not described. In this pa- 
tient, visual acuity in the right eye improved 
from 20/600 to 20/300; visual acuity in the left 
eye declined from 20/20 to 20/60. Carr, Noble, 
and Nasaduke’ preferred the name hereditary 
hemorrhagic macular dystrophy and recom- 
mended early photocoagulation treatment to 
prevent legal blindness, which occurs frequent- 
ly among affected patients. 

We treated two brothers with hereditary hem- 
orrhagic macular dystrophy, one treated by 
argon green laser photocoagulation and one by 
krypton red laser photocoagulation. We also 
studied the findings in other family members. 





Case Reports 





Case 1 

A 28-year-old man had decreased vision for 
one week in the left eye. Diabetes mellitus, 
diagnosed two years previously, was controlled 
with 20 units of lente insulin daily. 

Best-corrected visual acuity was R.E.: 20/20 
(+0.50 —0.50 x 115) and L.E.: 20/70 (+0.50 
—0.50 x 90). Intraocular pressure was 18 mm 
Hg in each eye. Results of slit-lamp examina- 
tion in both eyes were similar. The cornea and 
lens were clear, the anterior chamber was deep 
without cells, pigment, or flare, but there were 
fine transillumination defects along the entire 
periphery of the iris. 

Ophthalmoscopic examination disclosed a 
generalized, fine granularity of the retinal pig- 
ment epithelium that involved the posterior 
pole and fundus periphery of both eyes. Nei- 
ther eye had any sign of diabetic retinopathy. 
The clinical appearance of the right macula was 
normal, but there was a pigment epithelial 
detachment temporal to the left fovea with an 
overlying serous detachment of the sensory 
retina. Fluorescein angiography confirmed the 
normal appearance of the right macula and 
demonstrated a neovascular membrane in the 
left eye with leakage 500 um from the foveal 
avascular zone. The choroidal background fluo- 
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Fig. 1 (Wu and associates). Case 1, left eye. Left, Retinal pigment epithelial detachment (arrow) and shallow 
detachment of surrounding sensory retina. Right, Arteriovenous fluorescein angiogram showing leaking 
choroidal neovascular membrane temporal to fovea and generalized granularity of the retinal pigment 
epithelium. 


rescence appeared mottled in both eyes because 
of irregularities of the pigment epithelium 
(Fig. 1). 

Argon green laser photocoagulation (514.5 
nm) was applied to the neovascular network of 
the left eye. One month later visual acuity 
remained at 20/70; six months after treatment 
it was 20/200. Fluorescein angiography 
showed a subfoveal recurrence of the neovascu- 
lar membrane (Fig. 2), but the patient refused 
further treatment. Twelve years later visual 
acuity remained 20/200. A dry, pigmented 
macular scar was present that produced a 40- 
degree diameter, dense, central scotoma with a 
sharp border. 

When first examined, the right macula was 
normal. Eight months later visual acuity had 
decreased to 20/70. A retinal pigment epitheli- 
al defect and a small subretinal hemorrhage 
were observed in the inferotemporal aspect of 
the fovea. Argon green laser photocoagulation 
was applied to a subretinal neovascular mem- 
brane detected by fluorescein angiography. 
During the subsequent 19 months, three addi- 
tional argon green laser treatments were per- 
formed for recurrent neovascular growth (Fig. 
3). Best-corrected visual acuity was 20/40. 
Nine years later visual acuity had decreased to 
20/400 because of development of a dry, pig- 
mented macular scar that produced a 40-degree 
central scotoma. Since then, the macular ap- 
pearance and function have remained stable. 


All laboratory testing was performed when 
the macular lesions were in the cicatricial stage. 
The electroretinogram was performed after 30 
minutes of dark adaptation.” Under photopic 
conditions, the a-wave was 75% of normal 
amplitude in the right eye, and 57% of normal 
amplitude in the left eye (age-matched normal 
value, 280 to 326 uV). The b-wave amplitude 
was 91% of normal amplitude in both eyes 
(normal value, 336 to 516 pV). The lowest 
normal limit was used to calculate the percent- 
age of normal values obtained during testing. 
The a-wave peak time was delayed in both eyes. 
The electro-oculogram light peak vs dark 
trough ratio was R.E.: 1.74 and L.E.: 1.61 (nor- 
mal, greater than 1.8). A dark adaptation curve, 
measured on the left eye, was increased by 1 log 
unit. Farnsworth-Munsell D-15 color vision 
testing disclosed no abnormality. 


Case 2 

The 34-year-old brother of the patient de- 
scribed in Case 1 had a sudden decrease in 
vision of the left eye. He had myopia (R.E.: 
=g a “0.75 X 150; LEs —5.00 =1.00 x 50) 
and a two-year history of bilateral open-angle 
glaucoma treated with timolol mâleate 0.5% 
and dipivefrin hydrochloride 0.1% twice daily. 

Spectacle-corrected visual acuity was R.E.: 
20/30 and L.E.: 20/100. Intraocular pressure 
by tonometry was R.E.: 24 mm Hg and L.E.: 22 
mm Hg. There were subtle transillumination 
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Fig. 2 (Wu and associates). Case 1, left eye. Exten- 
sive submacular neovascularization six months after 
argon green laser treatment. 


defects along the pupillary margin and mid iris. 
Gonioscopy disclosed pigmentation of the tra- 
becular meshwork in both eyes. The anterior 
segments were otherwise normal. 

There was a small myopic crescent along the 
temporal border of each disk, both of which 
showed glaucomatous cupping (cup/disk ratio 
of 0.6) with preservation of the temporal neural 
rim. The fundi were blonde with fine granular- 
ity of the retinal pigment epithelium. Both 
maculae were abnormal. The right macula 
showed a pigment epithelial defect in the nasal 
region of the fovea; the left macula had a 
bleeding subretinal neovascular network nasal 
to the fovea that was confirmed by fluorescein 
angiography (Fig. 4). 

Krypton red laser photocoagulation (647 to 
676 nm) was applied to the macular neovascu- 
lar network. At one week there were early 
pigmentary changes, the blood was reabsorb- 
ing, and visual acuity had improved to 20/40. 
To treat recurrent neovascular membranes, 
krypton red laser photocoagulation was deliv- 
ered three months later and again four months 
later. More than one year after the third laser 
treatment, there was a dry, depigmented scar in 
the nasal aspect of the fovea that produced a 20 
x 20-degree scotoma between the blind spot 
and fixation. Visual acuity was 20/50 after 
three years. 

The pigment epithelial defect in the nasal 
portion of the right fovea showed bleeding two 


Fig. 3 (Wu and associates). Case 1, right eye. 
Fluorescein angiogram after four argon green laser 
treatment sessions with destruction of neovascular 
network. 


months after the initial examination (Fig. 5). 
Best-corrected visual acuity was 20/40. Angio- 
graphically demonstrated neovascularization 
in that region was treated with krypton red 
laser photocoagulation, and recurrences were 
treated five and six weeks later. Stable visual 
acuity of 20/100 was recorded almost three 
years after the last treatment. There was a dry, 
depigmented scar w:th a large, irregular scoto- 
ma measuring 20 degrees horizontally and 40 
degrees vertically between the blind spot and 
fixation. 

Electrophysiologic measurements performed 
15 months apart were almost identical. The 
electroretinogram was performed after 30 min- 
utes of dark adaptation. The a-wave amplitude 
was reduced to 69% of normal in the right eye 
and 77% of normal in the left eye (age-matched 
normal value, 371.6 to 451.6 pV). The b-wave 
amplitude was normal in both eyes. The elec- 
tro-oculogram light peak vs dark trough ratio 
was R.E.: 2.05 and L.E.: 2.12 (normal, greater 
than 1.8). A dark adaptation curve of the left 
eye showed a slightly increased (1.5 log units) 
rod threshold. Color vision testing was not 
performed. 


Other Family Members 

Seventeen members in three generations of 
this family were examined. Historical informa- 
tion was obtained on 12 others among five 
generations (Fig. 6). The earliest family mem- 
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Fig. 4 (Wu and associates). Case 2. Top left, Faint pigment epithelial retinal defects in nasal fovea in right eye. 
Top right, Bleeding neovascular membrane nasal to fovea in left eye. Bottom left, Fluorescein angiogram done by 
referring ophthalmologist several days earlier demonstrating patchy retinal pigment epithelial defects in 
posterior pole with more focal windows in fovea in right eye. Bottom right, Similar patchy retinal pigment 


epithelial abnormality with nasal neovascular invasion in left eye. 


ber believed to be affected was the paternal 
great grandfather (I-1) of the propositus (IV-2), 
who was reported to have both macular degen- 
eration and glaucoma. He became blind as an 
adult. His daughter (II-1), paternal grandmoth- 
er of the propositus, was similarly affected. One 
of her children (III-1) was the father of the 
propositus. He was 64 years of age when we 
examined him. He had noted slightly impaired 
vision at age 24 years. At age 26 years he was 
told he had bilateral chorioretinitis. He was 


forced to discontinue work as an accountant at 
age 30 years because of failing vision. Open- 
angle glaucoma was diagnosed at age 57 years. 
Bilateral filtering surgery had been performed, 
and he was using pilocarpine 4% four times 
daily and dipivefrin hydrochloride 0.1% twice 
daily in both eyes. His right fundus showed a 
macular lesion similar to that of the propositus, 
with extensive retinal pigment epithelial atro- 
phy and pigmentary hyperplasia. The peripher- 
al fundus also had fine mottling of the retinal 
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Fig. 5 (Wu and associates). Case 2, right eye. Left, Microhemorrhage (arrow) on nasal aspect of fovea. Right, 
Small neovascular tuft in that region shown by fluorescein angiography. 


pigment epithelium but was unaffected by cica- 
tricial changes. The left fundus could not be 
observed because of a dense cataract. 

No paternal aunt, uncle, or first cousin of the 
propositus was known to have ocular disease. 
Two female cousins (IV-6, 7) were examined 
and had normal findings. Among the siblings of 
the propositus was his affected brother (IV-3), 
and two other brothers and a sister who had 
normal findings on examination. None of the 
next generation of this family appeared to be 
affected definitely. These children, three boys 
and five girls, ranged in age from 2 to 11 years. 
One, an 11-year-old girl (V-8), did show a fine 
granular appearance of the peripheral retinal 
pigment epithelium. She had pale fundi, light 
hair, and blue irides similar to her mother 
(IV-5), who had no detectable disease. Light 
pigmentation of hair, skin, and eyes was found 
in most members of this family. 

The following laboratory studies were per- 
formed on relatives of the propositus and his 
brother, including some of the children in gene- 
ration V: fluorescein angiography in five mem- 
bers; electroretinography and visual-evoked 
potential in 13; electro-oculography in seven; 
central and peripheral visual field measure- 
ment in eight; Farnsworth-Munsell D-15 color 
testing in ten; and flicker frequency profiles, 
dark adaptation testing, and serologic Histo- 
plasma antibody screening in nine. No definite 
abnormalities were detected except on electro- 


retinography testing. The father of the proposi- 
tus (III-1) showed a bilateral overall reduction 
in electroretinography; he had bilateral macu- 
lar lesions, advanced glaucoma, and cataract. 
One (IV-1) of the affected brothers had normal 
electrophysiologic testing results; another 
brother (IV-4) and the sister (IV-5) had slightly 
reduced photopic and scotopic b-waves on elec- 
troretinography and mormal electro-oculogram 
values. 





Discussion 





We believe that these two brothers had the 
pseudoinflammatory macular dystrophy de- 
scribed by Sorsby, Joll Mason, and Gardener’ 
and others.** Both brothers were affected by 
bilateral choroidal neovascular invasion of the 
macula, during their third and fourth decades 
of life, which evolved into a disciform scar with 
reduction of central vision. Their father and 
two earlier paternal progenitors also lost vision 
from what appeared <o be a similar problem 
caused by an autosomal dominant hereditary 
defect. As found by Carr, Noble, and Nasaduke* 
in two patients, the electro-oculograms in our 
patients were within or close to normal limits, 
but we observed some decrease in electroreti- 
nogram responses in the two brothers and two 
of their siblings. These findings may distin- 
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guish hereditary hemorrhagic macular dystro- their study of additional members of one of the 
phy from a similar dominant macular dystro- original families reported by Sorsby, Joll Ma- 
phy reported by Dreyer and Hidayat in which son, and Gardener.’ The iris pigment epithelial 
both the electroretinogram and electro-oculo- transillumination defects found in the two 
gram were abnormal in the two patients de- brothers may be related to the diabetes mellitus 
scribed. We have not noted the drusen deposits in one and the myopia and open-angle glauco- 
at the level of Bruch’s membrane, the angioid ma with pigment dispersion in the other. 
streaks, and the yellow plaque submacular ma- Evidence has been reported that there is con- 
terial shown by Hoskin, Sehmi, and Bird’ in siderable variation in the pigmentary pattern of 





Fig. 7 (Wu and associates). Case 1. Left, Right eye. Right, Left eye. Long-term appearance of maculae after 
treatment with argon green laser photocoagulation showing large hypertrophic scars with pigment. 
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Fig. 8 (Wu and associates). Case 2. Left, Right eye. Right, Left eye. Both eyes were treated with krypton red 
laser photocoagulation and had flat atrophic scars without pigment. 


the fundus and that there is a tendency for the 
atrophy of the retina, pigment epithelium, and 
choroid to progress slowly toward the periph- 
ery.’ Yellow material, 30 pm in thickness, was 
demonstrated histologically within Bruch’s 
membrane and stained positively for lipids." 
Furthermore, this deposit has been judged re- 
sponsible for delayed filling of the choriocapil- 
laris during fluorescein angiography.” This was 
believed to be the earliest phenotypic marker of 
the disease,’ but the same phenomenon was 
observed in 26% of eyes with age-related macu- 
lar degeneration.” Although we had not recog- 
nized delayed choriocapillary filling at the time 
our patients were undergoing treatment, a re- 
view of their fluorescein angiograms indicated 
that they also demonstrated this sign. 
Glaucoma was in the ocular history of two 
other members of this pedigree as well as in one 
family of the pedigree of Carr, Noble, and 
Nasaduke.? One member of the Carver family 
and one member of the Randall family in the 
study of Sorsby, Joll Mason, and Gardener’ had 
glaucoma. Pigmentary changes were noted in 
the iris epithelium, and the trabecular mesh- 
work of our patient was pigmented. Although 
glaucoma may be associated with this disorder, 
that aspect of the disease requires more study. 
The pathophysiologic process of hereditary 
hemorrhagic macular dystrophy may not be 
fundamentally different from that of the age- 
related disciform lesion. Four eyes of two pa- 
tients in the pedigrees of Sorsby, Joll Mason, 
and Gardener! were examined pathologically 
by Ashton and Sorsby” in 1951. Findings in- 


cluded dehiscences in Bruch’s membrane, cho- 
roidal neovascularization of the subretinal 
space, and glial cicatrization of the outer retinal 
layers. Unfortunately the eyes were of older 
patients and dominant transmission of the de- 
fect was not established. The recorded natural 
progression of this disorder indicates that visu- 
al acuity can be expected to diminish to the 
level of legal blindness in both eyes of most 
affected patients. Hoskin, Sehmi, and Bird? in- 
dicated that the interval between visual loss 
from macular hemorrhage in the two eyes var- 
ied from nine months to ten years. 

A review of the laser treatment of our pa- 
tients permitted comparison of the effective- 
ness of argon green laser and krypton red laser 
photocoagulation in controlling neovascular 
invasion in genetically similar patients. If ulti- 
mate visual function is the best criterion, as 
measured by Snellen visual acuity and visual 
field testing, eyes treated with the red krypton 
laser fared better. Their final scarring was 
sharply defined, less hypertrophic, and smaller 
in area. But no final judgment can be made 
regarding wavelength because of other differ- 
ences in the details of treatment. One patient 
(Case 1) treated with green argon laser photo- 
coagulation, was less willing than his brother to 
return for frequent examinations, fluorescein 
angiography, and laser treatment. Also, green 
argon laser photocoagulation was delivered in 
0.2-second pulses at 100- to 200-mW intensity, 
whereas red krypton laser photocoagulation 
was applied in 0.4-second pulses at 200 to 300 
mW. Another factor that varied was the total 
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energy delivered during treatment of each eye: 
Case 1, green argon laser, L.E.: 4.18 J and R.E.: 
28.21 J; Case 2, red krypton laser, L.E.: 19.42 J 
and R.E.: 15.90 J. Finally, red krypton laser was 
used for the patient in Case 2 after we had 
gained an additional ten years of experience 
with treatment of choroidal neovascular mem- 
branes (Figs. 7 and 8). 

It is reasonable to conclude that laser treat- 
ment can be helpful in at least some patients 
with this syndrome.” Forsius and associates” 
described one patient who was treated with 
modest success. Although the patient’s visual 
acuity was counting fingers before and after 
treatment, two years later visual acuity in one 
eye improved to 20/200. Hamilton and associ- 
ates‘ had no success when treating seven eyes 
of four patients with argon or krypton laser 
photocoagulation; all had recurrences and be- 
came untreatable within two years. Visual acu- 
ity in our patient (Case 2), R.E.: 20/50 and L.E.: 
20/100, allows him to function as a school 
teacher. His myopia may have been an initial 
advantage because submacular neovascular 
networks in eyes with higher degrees of myopia 
are less likely to progress.” The myopia may be 
a long-term disadvantage, however, because of 
the tendency of atrophic lesions in such eyes to 
enlarge with time. For this patient, and for his 
younger relatives, continuing close follow-up 
has been recommended. 
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A Simple Transposition Procedure for Complicated 


Strabismus 





Edward G. Buckley, M.D., and Lois M. Townshend, M.D. 


We combined a recession or resection of 
recti muscles with a vertical or horizontal 
transposition to correct a complicated paralyt- 
ic ocular deviation in eight patients. The 
transposed muscles were reattached to the 
globe parallel to the spiral of Tillaux and 
adjacent to the paralyzed muscle. Postopera- 
tively, seven patients demonstrated fusion in 
the primary position or required a slight head 
turn to fuse. There were no surgical complica- 
tions, and no patient developed symptomatic 
cyclotropia, diplopia, or anterior segment is- 
chemia. 


Current PROCEDURES to correct paralytic ocu- 
lar deviations with combined horizontal and 
vertical components require detachment of 
three or four recti muscles from the globe, 
which significantly increases the risk of ante- 
rior segment ischemia.'* Preexisting abnormal- 
ities may make bilateral procedures difficult, or 
it may be undesirable to operate on the unaf- 
fected fellow eye. Additionally, the secondary 
deviation may itself be so marked as to require 
surgery on three or four recti muscles to obtain 
adequate alignment. To correct such deviations, 
we combined a transposition of recti muscles 
with a recession and resection, which permit- 
ted correction of the full deviation with a mini- 
mum number of rectus muscle manipulations. 
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Patients and Methods 


Between January 1985 and December 1988, 
eight patients underwent a combined trans- 
position/recess/resect operation. Each patient 
was examined six months or longer after the 
operation. Five of the patients were female and 
three were male. Four of the patients were 
younger than 4 years of age. The patient in Case 
2 had previous bimedial rectus muscle reces- 
sions and a right inferior oblique myectomy 
elsewhere. The motility and sensory examina- 
tions were performed by an orthoptist indepen- 
dent of the operating surgeon. Preoperative 
and postoperative examination of each patient 
included a cqmplete ocular examination com- 
bined with ocular motility measurements by 
the prism and cover test at far and at near and in 
the major fields of gaze. 

The sensory status was evaluated by the Bag- 
olini striated lenses (far and near), the Worth 
four-dot (far and near), and the Randot stereo- 
gram. Preexisting amblyopia in children was 
treated with patching until visual acuity in each 
eye was equal. Postoperative examination also 
included an assessment of any abnormal head 
position required to attain fusion. Cyclotropia 
was measured in adults using the double Mad- 
dox rod test. Limitations of ductions were 
scored on a scale from —1 to —4, with —4 
representing complete lack of function. 

Each patient had a complicated strabismus 
that involved a severe weakness of one or more 
of the extraocular muscles combined with a 
secondary deviation (Table 1). In each patient, 
the transposition direction was chosen to im- 
prove the weakest ocular rotation. Four of the 
patients had only the combined transposition/ 
recess/resect operation, and four patients re- 
quired additional rectus muscle procedures (Ta- 
ble 1). 
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We modified the standard full tendon trans- 
position procedure’ by reattaching the rectus 
muscle end to the globe parallel to the spiral of 
Tillaux instead of perpendicular to the muscle 
margin. This is the same method used when 
supra- or infraplacing a muscle for an A or V 
pattern, except that the transposed muscle is 
moved all the way to the margin of the adjacent 
paralytic muscle. The transposed muscles were 
then recessed or resected in relationship to the 
spiral of Tillaux (Fig. 1). 

We made a conjunctival peritectomy at the 
corneoscleral limbus, and the rectus muscle 
was isolated with a Jamison muscle hook. The 
check ligaments were severed. If the muscle 
was to be recessed, a 6-0 double-armed Vicryl 
suture was woven through the tendon of the 
muscle and secured with a double-locking knot 
at the muscle margin on each side. The muscle 
was then disinserted by using Wescott scissors, 
transposed to the new position adjacent to the 
muscle margin, and sutured to the globe paral- 
lel to the spiral of Tillaux. The muscle was 
recessed from the insertion of the paralyzed 
muscle. 

For resection, a 6-0 double-armed Vicryl su- 
ture was woven through the muscle at the 
desired resection area, a small hemostat was 
clamped anterior to the suture line, and the 
muscle was cut anterior to the clamp. The 
residual stump was excised. The muscle was 
then transposed to the new position and su- 
tured to the globe adjacent to the insertion of 
the paralytic rectus muscle and parallel to the 
spiral of Tillaux. The conjunctiva was closed 
with an 8-0 Vicryl suture. 


Results 


All patients had significant improvement in 
their ocular motility (Table 2). One of the pa- 
tients (Case 3) is shown in Figures 2, 3, and 4. 
Seven patients demonstrated fusion with the 
Worth four-dot either in the primary position or 
with a slight head turn. Three patients had 
fusion with the Worth four-dot both at far and 
at near in the primary position. One patient 
lowered her chin to permit fusion and stereop- 
sis. Three patients, all children, developed a 
slight head position iti which the eyes were 
orthophoric using the prism cover test. The 
patient in Case 2 had a normal head position 





Fig. 1 (Buckley and Townshend). A combined 
transposition/recess/resect procedure for a sixth 
nerve palsy and hypertropia. The superior rectus 
muscle is transposed laterally and recessed along the 
superior border of the lateral rectus muscle with the 
insertion parallel to the spiral of Tillaux. The reces- 
sion amount is measured from the lateral rectus 
muscle insertion. The inferior rectus muscle is resect- 
ed and transposed laterally with the superior border 
attached to the inferior border of the lateral rectus 
muscle. 


but was too young to give reliable results on 
sensory testing. 

Cyclotropia was measured using the double 
Maddox rod test on four patients (Cases 1, 3, 4, 
and 5). Each had a cyclodeviation of less than 5 
degrees, and none had cyclodiplopia. There 
were no surgical complications, and no patient 
developed anterior segment ischemia. 


Discussion 


In 1921, O'Connor’ recommended complete 
disinsertion and full rectus muscle transposi- 
tion for the treatment of paralytic strabismus. 
In 1959, Schillinger’ described a full muscle 
transposition procedure for the treatment of 
abducent nerve palsy in which the superior and 
inferior recti muscles were sutured midway be- 
tween their original insertions and the lateral 
rectus muscle insertion and parallel to the spi- 
ral of Tillaux. This procedure is similar to the 
one we used, except we performed a resection 
and recession on the transposed muscles and 
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TABLE 1 
PREOPERATIVE MEASUREMENTS AND SURGICAL PROCEDURE” 


i 


CASE NO., 


*XT = exotropia; LHT = left hypertropia; ET = esotropia; and RHT = right hypertropia. 


AGE (yrs), SEX DIAGNOSIS 20 FEET  131INCH LEFT RIGHT UP DOWN DUCTIONS 
1,28, F Left oculomotor nerve 16 XT 16 XT 16 RHT 40XT 40 RHT 25XT —4 left superior rectus 
partial palsy 10 RHT 10 RHT 8 RHT 20 LHT -3 left medial rectus 
—2 left inferior rectus 
—2 left inferior oblique 
S ar Left oculomotor nerve 45 XT 45 XT 45 XT 90 XT 45 XT 45 XT —3 left medial rectus 
partial palsy 60 RHT 60RHT 45RHT 60RHT 50RHT 45RHT -2 left inferior rectus 
—3 left inferior oblique 
—4 left superior rectus 
3, 18, F Bilateral oculomotor 90 XT 90 XT 60 XT 80 XT 70 XT 55 XT —2 left medial rectus 
nerve palsy 20 LHT 20LHT 25LHT 10LHT 20LHT 20LHT —4 left inferior rectus 
—2 right inferior rectus 
—1 both superior recti 
4, 2,F Bilateral abducens TS ET 90 ET 90 ET 90 ET 90 ET 90 ET —3 right lateral rectus 
nerve, right oculo- 50LHT 40LHT 40LHT 40LHT 60LHT 15LHT -2 left lateral rectus 
motor nerve —4 right superior rectus 
partial palsy —2 right inferior oblique 
5, 3, M Left oculomotor nerve 30 XT 45 XT 45 XT 30 XT 45 XT 45 XT —4 left superior rectus 
ånd left trochlear 20 RHT 30RHT 35RHT 30RHT 45RHT 20LHT -2 left medial rectus 
nerve palsy —2 left inferior rectus 
—2 left inferior oblique 
6, 22, M Left blowout fracture 35 LHT 35LHT 20LHT 35LHT 15RHT 35LHT —4 left inferior rectus 
15 XT 16 XT 10 XT 8 XT 
LIOF Right double elevator 20 ET 35 ET 14 ET 20 ET 40 ET 25 ET —4 right inferior oblique 
palsy 30 LHT 5OLHT 35LHT SOLHT 5SOLHT 35LHT —4 right superior rectus 
8, 3,M Left hypertropia, 50 ET 45 ET 45 ET 60 ET 30 ET 45 ET —4 right lateral rectus 
right abducens nerve 20LHT 20LHT 30LHT 20LHT 15LHT 10LHT —1 right superior rectus 


Fig. 2 (Buckley and Town- 
shend). Case 3. Preoperative 
appearance showing large- 
angle exotropia and left hy- 
pertropia. Note the marked 
limitation of depression in 
the left eye. 
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TABLE 1 (Continued) 





SURGERY 


Left medial rectus resection 4 mm, left lateral rectus 
recession 6 mm, and transposition of both up 


Left lateral rectus recession 8 mm, left medial rectus resec- 
tion 6 mm, and transposition of both up; right lateral rectus 
recession 10 mm; right superior rectus recession 6 mm 


Left medial rectus resection 6 mm, left lateral rectus 
recession 10 mm, and transposition of both down; right 
medial rectus resection 6 mm; right lateral recession 10 mm 


Right lateral rectus resection 8 mm, right medial rectus 
recession 6 mm, and transposition of both up; left medial 
rectus recession 6 mm; left lateral rectus resection 8 mm 


Left medial rectus resection 6 mm, left lateral rectus 
recession 8 mm, and transposition of both up 


Left medial rectus resection 4 mm, left lateral rectus 
recession 5 mm, and transposition of both down 

Right medial rectus recession 5 mm, right lateral rectus 
resection 6 mm, and transposition of both up; right inferior 
rectus recession 5 mm 

Right superior rectus resection 6 mm, right inferior rectus 
recession 5 mm, and transposition of both laterally 
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Fig. 3 (Buckley and Townshend). Case 3. Medial 
rectus muscle is resected and transposed inferiorly; 


lateral rectus muscle is transposed inferiorly and 
recessed, 






sutured the muscles adjacent to the margin of 
the paralytic muscle. The recession and resec- 
tion adds little difficulty to the transposition 
procedure and does not require significant 
additional tissue manipulation. A technique 
similar to ours has been used with some success 
(Stewart Wolfe, M.D., oral communication, Au- 
gust 1990). 


Fig. 4 (Buckley and Town- 
shend). Case 3. Thirty-six 
months postoperatively, the 
patient is orthophoric in pri- 
mary position. Note im- 
proved depression of left eye. 
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TABLE 2 
POSTOPERATIVE RESULTS 





CASE HEAD FOLLOW-UP 
NO. 20 FEET 13 INCH LEFT RIGHT UP DOWN SENSORY POSITION (MOS) 
1 Orthophoria Orthophoria 10 ET 10 X(T) 14 RHT 12 XT Fusion, 800 sec Normal 36 
8 LH(T) 10 LHT 
2 12 X(T) 12 X 10 XT 20 XT 10 X(T) 15 X(T) Too young Chin tuck 10 

10 LH(T) 8 LH 10 RHT 15 RHT 5 RH(T) 8 RH(T) 
3 12X 20 X 8 RH(T) 10 ET 8 X(T) 8 X(T) Fusion, 400 sec Normal 36 
4 LH 8 LHT 
4 10 X(T) 10 X(T) 5 E(T) 5 XT 30 XT 10 X(T) Too young Chin elevation 10 
10 LH(T) 8 LH(T) 5 LH(T) 5LHT 10LHT 10 RH(T) 
2 TOET 10 ET 20 ET 10 ET eu ET 10 XT Too young Left turn 12 
8 LHT 10 LHT 10 RHT 10 RHT 10 LHT 
6 6 LH(T) 4 LH(T) 10 LHT 6 LH(T) Orthophoria 10 LH(T) Fusion, 100 sec Chin tuck 6 
7  Orthophoria 10E Orthophoria 12 LHT 12 LHT Orthophoria Fusion Normal 6 
12 ET 12 ET 
8 3 X(T) 3 X(T) 10 XT 12 ET 4 ET 6 X(T) Too young Normal 30 
8 LHT 


X = exophoria; E = esophoria; ET = esotropia; XT = exotropia; RHT = right hypertropia; LH = left hyperphoria; LHT = left 


hypertropia; and (T) = intermittent occurrence. 


The ocular motility disturbances in our eight 
patients constitute a group of abnormalities 
difficult to correct with previous techniques. 
Three patients had oculomotor nerve palsy; 
two patients had combined cranial nerve palsy; 
one patient had an abducent nerve palsy; one 
patient had double elevator palsy; and one 
patient had an orbital blowout fracture. These 
types of strabismus cases, with combined hori- 
zontal and vertical deviations and marked duc- 
tion limitations, have always created significant 
therapeutic problems. 

We were impressed by the amount of total 
deviation corrected using this procedure. Four 
patients (Cases 1, 5, 6, and 8) had only the 
transposition/recession/resection procedure. 
In each of these patients, we obtained signifi- 
cant improvement in their ocular alignment by 
operating on only two recti muscles. We were 
not able to limit the procedure to only two 
muscles in all patients by using this technique; 
however, we were able to operate on a smaller 
number of muscles and still correct large devia- 
tions associated with marked duction limita- 
tions. Four patients (Cases 2, 3, 4, and 7) all had 
such large preoperative deviations that, at the 
time of the combined procedure, additional 
rectus muscle surgery was required. This usual- 


ly involved a standard recession and resection 
of the muscles of the contralateral eye. 

We were concerned that a cyclodeviation may 
be induced by recessing and resecting the recti 
muscles in the transposed locations. This did 
not occur, because no patient had a cyclodevia- 
tion measuring greater than 5 degrees, and no 
patient had cyclodiplopia. 
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Incidence of Prominent Corneal Nerves in Multiple 


Endocrine Neoplasia Type 2A 





Shigeru Kinoshita, M.D., Fumi Tanaka, M.D., Yuichi Ohashi, M.D., 
Masataka Ikeda, M.D., and Shin-ichiro Takai, M.D. 


We studied the increased visibility of corne- 
al nerves inside an 8-mm diameter central 
corneal area in 14 patients with multiple en- 
docrine neoplasia type 2A, one patient with 
multiple endocrine neoplasia type 2B, five 
patients with nonhereditary medullary thy- 
roid carcinoma, ten patients with anterior 
keratoconus, and ten normal subjects. We used 
a grading system (grade 0 through grade 4) for 
nerve visibility based on slit-lamp biomicro- 
scopic examination and photographic docu- 
mentation. All 20 normal eyes showed either 
grade 0 or grade 1, which indicated no patho- 
logic thickening of corneal nerves. Sixteen of 
the 28 eyes (57%) with multiple endocrine 
neoplasia type 2A, however, were evaluated as 
grade 2 or higher, which indicated thickened 
corneal nerves. The incidence of high nerve 
visibility in eyes with multiple endocrine 
neoplasia type 2A was significantly greater 
compared to normal eyes (P < .0001), anterior 
keratoconus (P < .0001), and nonhereditary 
medullary thyroid carcinoma (P = .0012). Fur- 
thermore, eight of the 28 eyes (29%) with 
multiple endocrine neoplasia type 2A showed 
markedly prominent corneal nerves (grade 3 
and 4), a prominence similar to those seen 
in eyes with multiple endocrine neoplasia 
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type 2B. There was no definite relationship 
among prominent nerve, age of the patient, 
and occurrence of pheochromocytoma. These 
findings suggest that over half of all patients 
with multiple endocrine neoplasia type 2A 
show corneal nerves pathologically thickened 
to different degrees. 


In Norma EYES, corneal nerves are not thick 
enough to visualize by slit-lamp biomicro- 
scope, partly because of the absence of myelin- 
ated fibers.’ Increased visibility of corneal 
nerves, however, is recognized in some ocular 
and systemic diseases. Secondary thickening of 
corneal nerves caused by nerve regeneration or 
regional inflammation can be seen in corneal 
diseases such as anterior keratoconus, Fuchs’ 
corneal dystrophy, and failed graft.*” The visi- 
bility itself, however, is mild and localized. 
Conversely, prominent corneal nerves over the 
entire cornea are thought to be associated with 
systemic diseases such as multiple endocrine 
neoplasia, neurofibromatosis, and leprosy.‘ 
Among these, it is generally accepted that mul- 
tiple endocrine neoplasia type 2B consistently 
shows the most prominent corneal nerve in 
both corneas.”" 

Multiple endocrine neoplasia type 2A, also 
called Sipple’s disease,’ has several clinical 
characteristics similar to multiple endocrine 
neoplasia type 2B. For instance, both disorders 
accompany medullary thyroid carcinoma, high 
levels of plasma calcitonin, pheochromocytoma 
with autosomal dominant inheritance, or a 
combination of these. Additionally, multiple 
endocrine neoplasia type 2B is associated with 
marfanoid habitus, skeletal abnormality, thick- 
ened lips and eyelids, and neuroma of the 
intestine and tongue."’ Moreover, several re- 
ports describe accompanying ocular manifesta- 
tions of multiple endocrine neoplasia type 2B, 
such as prominent corneal nerves, conjunctival 
neuroma, and ocular dryness.*” The relation- 
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ship of corneal nerve thickening in eyes with 
multiple endocrine neoplasia type 2A is impor- 
tant in consideration of the genetic difference 
between multiple endocrine neoplasia type 2A 
and multiple endocrine neoplasia type 2B, as 
well as the basic mechanism of corneal nerve 
thickening in multiple endocrine neoplasia 
type 2 syndrome. 

Using our grading system of corneal nerve 
thickening, we studied corneal nerve visibility 
in patients with multiple endocrine neoplasia 
type 2A and compared the results with those 
from patients with multiple endocrine neopla- 
sia type 2B, nonhereditary medullary thyroid 
carcinoma, anterior keratoconus, and normal 
subjects. 





Patients and Methods 





We studied 28 eyes of 14 Japanese patients 
with multiple endocrine neoplasia type 2A, 
including nine kindreds. All patients were 
treated by one of us (S.T.) between April 1990 
and July 1990. Informed consent was obtained 
from the patients. Of these 14 patients with 
multiple endocrine neoplasia type 2A, nine 
showed both medullary thyroid carcinoma and 
pheochromocytoma, and five had medullary 
thyroid carcinoma with contributory family 
history of multiple endocrine neoplasia type 
2A. Two patients had parathyroid adenopathy. 
None of the patients showed either marfanoid 
habitus, skeletal abnormality, thickened lips, 
thickened eyelids, or mucosal neuromas. Be- 
cause of this, multiple endocrine neoplasia type 
2A was diagnosed in these 14 patients as differ- 
entiated from multiple endocrine neoplasia 
type 2B. 

We also examined two eyes of a patient with 
multiple endocrine neoplasia type 2B who had 
medullary thyroid carcinoma, pheochromocy- 
toma, marfanoid habitus, skeletal abnormality, 
thickened lips and eyelids, and mucosal neuro- 
mas, ten eyes of five patients with nonheredi- 
tary medullary thyroid carcinoma unrelated to 
multiple endocrine neoplasia syndrome, 20 
eyes of ten patients with anterior keratoconus, 
and 20 eyes of ten normal subjects. 

For these patients and normal subjects, two 
corneal specialists performed slit-lamp biomi- 
croscopic examination with a X 12-magnified 
objective lens. Detailed photographic docu- 
mentation by scleral scattering (X 10 objective 
lens) and slit-image (X 25 objective lens) pic- 


tures were also performed by a slit-lamp micro- 
scope with an automatic exposure system. Cor- 
neal nerve visibility in an 8-mm diameter 
central corneal area was then evaluated sepa- 
rately by the two examiners (S.K. and F.T.) 
using our grading system (grade 0 to 4): grade 0, 
nerves are not visible by slit-lamp examination 
or any photographs; grade 1, fine nerves visible 
by slit-lamp examination but not by any photo- 
graphs; grade 2, fine nerves visible by both 
slit-lamp examination and slit-image (X 25) 
photographs but not scleral scattering (X 10); 
grade 3, nerves visible by both slit-lamp exami- 
nation, slit-image, and scleral scattering photo- 
graphs; and grade 4, prominent nerves visible 
by all three methods (Figure). Although this 
clinical observation itself was not done in 
masked or random fashion, the final photo- 
graphic evaluation was performed in masked 
fashion. Using this grading system, the two 
examiners gave different grades to three of the 
78 eyes, in which cases we chose the lower 
grades. 

Mann-Whitney U-test was used for statistical 
analysis when comparing the ranked nonpara- 
metric data from each group. Corneal sensitivi- 
ty measurement by Cochet-Bonnet esthesiome- 
ter was also performed in all eyes. 





Results 





Of 20 normal eyes, 16 were evaluated as 
grade 0, which indicated no visible corneal 
nerves. The other four eyes were evaluated as 
grade 1, with corneal nerves faintly visible by 
slit-lamp examination. None of the eyes of the 
normal subjects were evaluated as higher than 
grade 2. Of the 28 eyes with multiple endocrine 
neoplasia type 2A, however, 16 (57%) were 
evaluated as grade 2 or higher, which indicated 
pathologically thickened corneal nerves. The 
incidence of high nerve visibility in eyes with 
multiple endocrine neoplasia type 2A was sig- 
nificantly greater compared to normal eyes (P < 
0001), anterior keratoconus (P < .0001), and 
nonhereditary medullary thyroid carcinoma (P 
= .0012). Furthermore, eight of the 28 eyes 
(29%) with multiple endocrine neoplasia type 
2A showed markedly prominent corneal nerves 
(grades 3 and 4), a prominence similar to that 
seen in eyes with multiple endocrine neoplasia 
type 2B (Table 1). All eyes with multiple endo- 
crine neoplasia type 2A showed bilaterally sim- 
ilar grades of corneal nerve thickness, although 
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Figure (Kinoshita and associates). Grading system using photographic documentation. Grade 2, Fine nerve 
bundles are seen in the central cornea by slit-lamp (X 25) but not by scleral scattering (X 10) (multiple endocrine 
neoplasia type 2A). Grade 3, Several nerves are visible in the central cornea by both slit-lamp (X 25) and scleral 
scattering (X 10) (multiple endocrine neoplasia type 2A). Grade 4, Prominent nerve bundles are easily seen by 
both slit-lamp (X 25) and scleral scattering (x 10) (multiple endocrine neoplasia type 2B). 


individual variability was observed (Table 2). In eyes with multiple endocrine neoplasia 

There was no definite relationship between type 2A, slit-lamp biomicroscopic examination 

prominent nerve, age, and occurrence of pheo- disclosed no neuroma in the limbal or conjunc- 

chromocytoma. tival regions. The Cochet-Bonnet esthesiometer 
TABLE 1 


CORNEAL NERVE VISIBILITY 





GRADE OF CORNEAL NERVE VISIBILITY 


NO. OF 0 1 2 3 4 
EYES — — — — — 
DISEASE EXAMINED NO. (%) NO. (%) NO. (%) NO. (%) NO. (%) 
Multiple endocrine 28 3 (11) 9 (32) 8 (29) Fg (25) 1 (3) 
neoplasia type 2A 
Multiple endocrine 2 — — -— — 2 (100) 
neoplasia type 2B 
Normal subjects 20 16 (80) 4 (20) — — -- 
Keratoconus 20 15 (75) 4 (20) 1 (5) — — 
Nonhereditary medullary 8 5 (63) 3 (37) — — — 


thyroid carcinoma 





310 


AMERICAN JOURNAL OF OPHTHALMOLOGY 


March, 1991 


ne 


TABLE 2 
CORNEAL NERVE VISIBILITY IN MULTIPLE ENDOCRINE NEOPLASIA TYPE 2A 


i SS 


GENERAL MANIFESTATIONS 


NERVE VISIBILITY’ MEDULLARY 
CASE NO., — THYROID PHEOCHROMO- PARATHYROID 
AGE (YRS), SEX R.E. L.E. CARCINOMA CYTOMA ADENOPATHY NEUROMA . FAMILY HISTORY 

1, 36, M 4 3 Yes Yes No No Yes 
2, E0: F 3 3 Yes No No No Yes 
3. 22, F 3 3 Yes Yes Yes No Yes 
4, 26, M 3 2 Yes Yes No No Yes 
Ber 2 3 Yes No No No Yes 
6, 53, F 2 2 Yes No No No Yes 
7,75, M 2 2 Yes Yes Yes No Yes 
8, 44, F 2 1 Yes Yes No No Yes 
9,33, M 2 1 Yes Yes No No Yes 
10, 57, F 1 1 Yes Yes No No Yes 
Ths F 1 1 Yes No No No Yes 
12, 27, F 1 0 Yes Yes No No Yes 
13, 42, M 1 0 Yes No No No Yes 
14,71,M 0 1 Yes Yes No No Yes 


lcci te NEPAD LL AAA AIA 


*Nerve visibility was expressed using our grading system. 


showed more than 40 mm in length in all eyes, 
which indicated corneal sensitivity within the 
normal range. 





Discussion 





If fibrillary opacities in the transparent corne- 
al stroma are not only linear but also thicker in 
the periphery than in the center, reaching the 
limbal-corneal junction, they are most likely 
corneal nerves.” By observing these opacities 
in the central cornea by slit-lamp biomicro- 
scope and photographic observation, we were 
able to document the degree of corneal nerve 
visibility. We concluded that the corneal nerve 
visibility up to grade 1 was within the normal 
range. Using this grading system, 19 of 20 eyes 
(95%) with anterior keratoconus, thought to 
show occasionally fibrillary nerves because of 
the ectasia,? showed grade 0 or grade 1. Only 
one eye with anterior keratoconus was evaluat- 
ed as grade 2. 

By contrast, we found that 16 of 28 eyes 
(57%) with multiple endocrine neoplasia type 
2A showed grade 2 or higher, which indicated 
apparent corneal nerve visibility. Furthermore, 
eight of these eyes (29%) had extremely promi- 
nent nerves, a condition commonly seen in eyes 
with multiple endocrine neoplasia type 2B. 
This observation is contrary to previous reports 
that prominent corneal nerves are rarely seen in 


this disease.*’ This discrepancy may be partly 
caused by the corneal nerve visibility evalua- 
tion criteria. Robertson, Sizemore, and Gordon’ 
used strict criteria, and it is likely that only the 
eyes similar to multiple endocrine neoplasia 
type 2B (for example, grade 4) were considered 
to show prominent corneal nerves. Since the 
corneal nerves of grades 2 and 3 (mostly seen in 
eyes with multiple endocrine neoplasia type 
2A) were markedly distinguishable from those 
in normal eyes, although less prominent than 
those in multiple endocrine neoplasia type 2B, 
the corneal nerves in multiple endocrine neo- 
plasia type 2A are likely to be of pathologic 
origin. 

Multiple endocrine neoplasia type 2A has 
been reported to be linked to the genes near the 
centromere of chromosome 10. Multiple en- 
docrine neoplasia type 2B has also been report- 
ed to be linked closely to the same DNA mark- 
ers to which multiple endocrine neoplasia type 
2A has been linked," although whether multi- 
ple endocrine neoplasia type 2A and multiple 
endocrine neoplasia type 2B are either allelic or 
part of a contiguous gene syndrome has not yet 
been determined. From the viewpoint of DNA 
linkage analysis, it is reasonable to speculate 
that the pathogenesis of corneal nerve thicken- 
ing in multiple endocrine neoplasia type 2A is 
the same as or similar to that in multiple endo- 
crine neoplasia type 2B, although the degree is 
different. Multiple endocrine neoplasia type 2A 
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may develop a milder form of corneal nerve 
thickening than multiple endocrine neoplasia 
type 2B. The clinical and basic significance of 
this concept is enormous. For instance, eyes of 
patients in the multiple endocrine neoplasia 
type 2A kindred who do not show clinical 
manifestations of multiple endocrine neoplasia 
type 2A should be examined at an early age, as 
in multiple endocrine neoplasia type 2B kin- 
dred. 

Spector, Klintworth, and Wells" and Riley 
and Robertson” reported that corneal nerves 
observed in multiple endocrine neoplasia type 
2B are prominent mainly because of the abun- 
dance of axons and Schwann cells, not of my- 
elinated or abnormal extracellular substances. 
If so, at least two hypotheses regarding the 
pathogenesis of corneal nerve thickening in 
multiple endocrine neoplasia exist. 

The first possibility is that in both multiple 
endocrine neoplasia type 2A and type 2B, a 
substance is secreted that stimulates the prolif- 
eration of Schwann cells or nerve growth. Med- 
ullary thyroid carcinoma, which secretes vari- 
ous polypeptide products such as calcitonin, 
corticotropin, prostaglandins, serotonin, and 
neuron-specific enolase,’ is a possible source of 
secretion of such a substance. Patients with 
nonhereditary medullary thyroid carcinoma in 
our study, however, did not show any corneal 
nerve visibility, which implies that this carci- 
noma alone probably did not contribute to 
prominent nerve development. Pheochromocy- 
toma was thought to be another candidate for a 
secreting site of such a substance," although 
it was not widely accepted.’ The second possi- 
bility is that numerous axons and Schwann 
cells are already located in the corneal stroma 
during corneal development. This is possible, 
since the organs involved in multiple endocrine 
neoplasia type 2 syndrome are thought to be of 
neural crest origin with gene abnormality." 
Moreover, it has been reported that prominent 
corneal nerves can be seen in children with 
multiple endocrine neoplasia type 2B who are 3 
or 4 years of age. 
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Paraproteinemic Corneal Deposits in Plasma Cell Myeloma 





Klaus-Peter Steuhl, M.D., Marcus Knorr, M.D., Jens Martin Rohrbach, M.D., 
Walter Lisch, M.D., Edwin Kaiserling, M.D., and Hans-Jürgen Thiel, M.D. 


We treated two patients who had IgG- 
kappa-light chain monoclonal gammopathy 
with partially crystalline and partially amor- 
phic corneal deposits. Impairment of vision 
made keratoplasty necessary for each patient. 
Histologic examination of the corneal speci- 
mens showed deposits that stained positively 
for Masson’s trichrome in all corneal cells. 
Immunohistochemical tests identified these 
deposits as IgG-kappa-light chain immuno- 
globulin fragments. Electron microscopy 
showed intracellular, rhomboid-shaped de- 
posits enveloped by a membrane. The same 
deposits appeared in the conjunctival epithe- 
lium, within subconjunctival fibrocytes, and 
in the plasma cells of the bone marrow. Immu- 
noelectrophoresis showed IgG-kappa-light 
chain fragments in the blood serum, the lacri- 
mal film, and the aqueous humor. This sug- 
gests that the intracellular immunoglobulin 
fragments may have entered the corneal and 
conjunctival epithelium by way of the lacri- 
mal film, the keratocytes by way of the corneo- 
scleral limbus vasculature, and the endotheli- 
al cells from the aqueous humor. 


Monoctonat GAMMopatHy results from un- 
controlled proliferation of a plasma cell clone, 
which produces an excess either of immuno- 
globulins or their heavy or light chain frag- 
ments. Diseases associated with excessive se- 
cretion of monoclonal paraproteins are either 
benign, with limited plasma cell growth, or 
malignant, with uncontrolled plasma cell 
growth. The malignant monoclonal gammo- 
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pathies (more than half of these are plasmacy- 
tomas’) are characterized by continuous growth 
of the plasma cell clone, which results in an 
exponential increase of the monoclonal protein 
in the blood. This leads to anemia, failure of the 
immune system, hypercalcemia, soft tissue and 
skin tumors, altered blood rheologic tests, and 
renal failure,“ and osteolytic bone lesions when 
the tumor manifests extramedullarily. The an- 
nual incidence of plasma cell neoplasms is 
estimated as three in a population of 100,000.°" 
The circulating paraproteins are considered 
responsible for nonamyloid organ deposits.*” 
Ocular sites of paraprotein deposits are the 
conjunctival, cornea., and lens epithelium, 
keratocytes, endothelial cells, plasma cell infil- 
tration of the uvea with concomitant uveitis, 
cysts of the ciliary body, hyperviscosity- 
derived occlusion of the retinal vessels, and 
retinal hemorrhages.’’ We studied partially 
crystalline and partially amorphous corneal de- 
posits in two patients with plasma cell myeloma 
and associated monoclonal gammopathy. 


Case Reports 


Case 1 

In 1973, plasmacytoma was diagnosed in a 
50-year-old man on the basis of typical pro- 
nounced increase of IgG fraction with a high 
paraprotein increase (IgG, 2,897 mg/dl; nor- 
mal, 800 to 1,800 mg/dl), decrease of IgA and 
IgM, and the increased number of atypical plas- 
ma cells in aspirated sternal bone marrow 
(approximately 25%; normal, 2%). Immuno- 
electrophoresis identified the paraprotein as 
L-chain kappa type. Laboratory test results for 
serum lipids, enzyme status, and electrolytes 
were all normal. The blood cell counts were 
normal, with a mild anemia (hemoglobin be- 
tween 6.8 g/dl and 11.7 g/dl). The patient had 
two osteolytic skull lesions and a bilateral car- 
pal canal syndrome as extramedullary manifes- 


J12 ©AMERICAN JOURNAL OF OPHTHALMOLOGY 1111:312-318, MARCH, 1991 








Vol. 111, No. 3 


Plasma Cell Myeloma 313 





Fig. 1 (Steuhl and associates). Microscopic appearance of the superficial (left) and deeper (right) corneal tissue. 
Intracytoplasmic deposits within epithelial cells (arrows) and keratocytes (arrowheads). Note the endothelium 
filled with intracytoplasmic deposits and positive staining for Masson’s trichrome (asterisk) (Xx 250). 


tations of the disease. Repeated rectal biopsy 
specimens showed no signs of amyloidosis. 
Bence Jones proteinuria of approximately 300 
mg/dl beginning in the early 1980s led to 
irreversible tubular damage and kidney atro- 
phy. Dialysis was required in June 1985. Re- 
peated treatment with 6 mg of melphalan daily 
for five days and 4 mg of methylprednisolone 
long-term resulted in no overall improvement. 
The patient died in August 1987. 

A slight loss of corneal transparency without 
reduction in vision was observed in the early 
1970s. When examined at the University Eye 
Clinic in Tubingen in April 1982, the corneas 
were hazy because of dense, white, partially 
crystalline deposits in all corneal layers, partic- 
ularly the deep stroma and the endothelium. 
Apart from a nuclear cataract, other ophthalmic 
findings were unremarkable (the view of the 
fundus was obscured). There were no signs of 
active or recurrent uveitis. Penetrating kerato- 
plasty was performed on the right eye in Janu- 
ary 1984, and an extracapsular cataract extrac- 
tion and posterior chamber intraocular lens 
implantation was performed in September 
1984. Best-corrected visual acuity was 20/20. 
At that time, a slight, corneal haze was ob- 
served in the graft of the right eye. The opaci- 
ties were located primarily in the deeper layers 
of the periphery of the transplant. In January 
1985, visual acuity in the right eye was reduced 
to 10/20. 

In April 1986, visual acuity in the left eye was 
2/20. Simultaneous perforating keratoplasty 
and extracapsular cataract extraction with pos- 
terior chamber intraocular lens implantation 
was performed on the left eye, and best-correct- 
ed visual acuity was 8/20. In October 1986, 





corneal opacities had recurred in the left eye, 
and the transplant in the right eye showed 
deposits in all layers. Visual acuity was R.E.: 
10/20 and L.E.: 6/20. 


yet. oe 
Fig. 2 (Steuhl and associates). Electron microscopic 
aspect of the conjunctival epithelium showing intra- 
cellular inclusions (arrows) and subepithelial tissue 
(ST). Note that the intracellular deposits are also 
visible within subepithelial fibrocytes (arrowhead) 
(<x 1,600). 
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Fig. 3 (Steuhl and associates). Electron micrograph of the superficial (left) and basal (right) region of the 
corneal epithelium with numerous intracytoplasmic deposits (arrows). (M, microvilli; N, nuclei; and BL, 


Bowman’s layer.) (Left, x 12,500; right, x 2,000.) 


Case 2 

In August 1989, plasmacytoma was diag- 
nosed in a 78-year-old woman on the basis of 
typical findings in serum electrophoresis of IgG 
level greater than 4,000 mg/dl, decreased IgA 
level to 40 mg/dl, IgM level of 30 mg/dl, and 
bone marrow puncture with 18% plasma cells. 
Light microscopy showed that these plasma 
cells had marked vacuolization with crystalline 
inclusions. Immunoelectrophoresis showed a 
plasmacytoma of IgG-kappa-light chain type. 
Except for the ophthalmic findings, no extra- 
medullary manifestations of the disease were 
found. Laboratory test results for serum lipids, 
enzyme status, and serum electrolytes (includ- 
ing calcium and copper) were normal. The pa- 
tient had anemia (hemoglobin, 8.7 g/dl), and 
creatinine and urea levels were normal. The 
urine contained 150 mg/dl of protein (Bence 
Jones proteinuria of IgG-kappa-light chain 
type). Biopsy specimen of the oral mucosa 
showed no indication of generalized amyloido- 
sis. The patient died Dec. 25, 1989, of pulmo- 


nary heart failure after cytostatic treatment of 
the disease. 

The first myeloma-associated ocular involve- 
ment began in the late 1970s. In April 1988, 
visual acuity was R.E.: 3/20 and L.E.: 8/20. The 
reduced visual acuity was caused by diffuse, 
bilateral corneal haze. When examined at the 
University Eye Clinic Tubingen in September 
1989, visual acuity was R.E.: 4/200 and L.E.: 
6/20. Dense, diffuse, partially crystalline cor- 
neal opacities involved all corneal layers. In 
October 1989, perforating keratoplasty and ex- 
tracapsular cataract extraction were performed 
in the right eye. There were no intraoperative or 
postoperative complications, and best-correct- 
ed visual acuity was 5/20. 





Material and Methods 





Semithin paraffin sections were stained with 
periodic acid-Schiff, Congo red, and Masson's 
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Fig. 4 (Steuhl and associates). Stromal keratocyte 
with typical intracytoplasmic inclusions (asterisk). 
These deposits are enveloped by a double membrane 
(arrow) and show a periodicity of approximately 16 
nm (X 75,000). 


trichrome. Other sections were studied with the 
avidin-biotin peroxidase complex technique, 
using polyclonal rabbit antihuman antibodies 
to identify immunoglobulins or their fragments 
in corneal tissue. For transmission electron mi- 
croscopy, the corneal specimens, conjunctiva, 
anterior lens capsule, and bone marrow of the 
iliac crest puncture were fixed in buffered glu- 
taraldehyde solution, dehydrated, and embed- 
ded in Epon. Semithin sections were prepared 
with an ultramicrotome and stained according 
to Richardson, Jarett, and Finke’s method.’ 

For immunoelectrophoretic determination of 
the immunoglobulins, tear fluid and aqueous 
humor specimens were taken intraoperatively 
with micropipettes. After electrophoretic split- 
ting of the proteins, an immunofixation by 
monospecific anti-IgG and anti-kappa-light 
chain antisera was performed.’ 


Results 


The corneal epithelium disclosed an intracy- 
toplasmic edema primarily within the basal 





layer in both patients. The lamellae of the 
corneal stroma were loosened edematously, 
and the rarified endothelium disclosed vacuolic 
degeneration. In both cases intracytoplasmic 
deposits were located within all corneal cells 
and stained positive with Masson's trichrome 
(Fig. 1). Amyloid was excluded since they did 
not stain with Congo red and were negative for 
green birefringence. No extracellular material 
was found. Electron micrographs showed these 
intracytoplasmic deposits to be paracrystalline, 
rhomboid, and present in the conjunctival epi- 
thelium (Fig. 2), in the epithelial layers of the 
cornea (Fig. 3), in keratocytes (Fig. 4), and in 
the endothelial layer (Fig. 5), where they led to 
pronounced degenerative changes. This intra- 
cytoplasmic material was enveloped by a dou- 
ble membrane and had a periodicity of approxi- 
mately 16 nm (Fig. 4). The same intercellular 
deposits were located within plasma cells of the 
iliac crest puncture by electron microscopy. As 
in light microscopy, no extracellular material 
was found. 

Immunohistochemical analysis identified 
these corneal deposits as lgG-kappa-light chain 
immunoglobulin fragments (Fig. 6). They did 
not stain with anti-IgG, anti-IgM, anti-IgA, or 
anti-lambda-light chain antibodies, which in- 
dicated that these deposits corresponded to the 
paraproteins identified in the blood. IgG- 
kappa-light chain fragments were also found in 
the tears and the aqueous humor of one patient 
(Case 2) by immunoelectrophoresis (Fig. 7). 
The lens capsule and the lens epithelium had 
no deposits comparable to those of the corneal 
tissue. 


Discussion 


Plasma cell neoplasms consist of large num- 
bers of plasma cells, representing one B-lym- 
phocyte lineage. This cell population is de- 
scended from the original plasma cell and 
synthesizes homogeneous immunoglobulin or 
its fragments. Corneal accumulation of these 
components is uncommon in patients with mul- 
tiple myeloma. No corneal deposits were found 
in 13 patients with multiple myeloma, and only 
one patient with primary amyloidosis had crys- 
talline corneal deposits of 100 patients with 
monoclonal gammopathy." 

Intracellular and extracellular deposits were 
first described in 1917 in many organs of a 
patient with multiple myeloma and amyloido- 
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Fig. 5 (Steuhl and associates). Endothelial cells with intracellular inclusions (asterisks). Vacuolization of the 
cytoplasm (V) signals degenerative changes. (N, nucleus; and D, Descemet’s membrane.) (Left, X 4,700; right, 


x 3,150.) 


sis.? Corresponding corneal deposits first drew 
attention in 1934, when Meesmann”’ speculated 
that such crystalline corneal opacities involved 
the same deposits as the homogeneous or crys- 
talline masses found in other organs of patients 
with myeloma. Aronson and Shaw” postulated 
that the corneal deposits were lipids. Converse- 
ly, François and Rabaey" and Pinkerton and 
Robertson” shared Meesmann’s opinion. In 
1978, Klintworth, Bredehoeft, and Reed” dem- 
onstrated immunohistochemically that the cor- 
neal deposits corresponded in all instances to 
the monoclonal protein of the causative plasma 
cell neoplasm. The rarity of such corneal chang- 
es in patients with plasma cell neoplasms is 
caused by two factors: a gammopathy of IgG- 
kappa-light chain type must be present, and the 
disease must be chronic. Characteristics of the 
paraproteins, such as solubility, the isoelectric 
point, susceptibility to proteolysis, the ability 


to interact specifically with cellular antigens 
and tissue, and other as yet unknown proper- 
ties,™? also play a part. 

Paracrystalline corneal inclusions appear 
only when IgG-kappa-light chain proteins are 
synthesized by a proliferating monoclonal plas- 
ma cell.” Crystalline corneal deposits in IgG- 
lambda-light chain gammopathy, however, 
have been reported.””*! Both studies described 
the deposits as golden-brown and iridescent. 
Lewis, Falls, and Troyer”! attributed the corneal 
opacities to an increase in serum copper level, 
with accompanying sunflower cataract. Firkin 
and associates” did net mention serum copper 
content. 

Ormerod and associates” described intracel- 
lular and extracellular deposits in all corneal 
layers but were unable to verify this in the 
endothelium, since ne endothelial cells were 
detectable in their preparation. All paracrystal- 





Fig. 6 (Steuhl and associates). Paraffin section of the cornea after staining with anti-lgG-kappa-light chain 
antibodies. The intracytoplasmic inclusions stained positively (arrows) (x 250). (BL, Bowman’s layer; and D, 
Descemet’s membrane.) 
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Fig. 7 (Steuhl and associates). Immunoelectrophoresis with clear IgG-kappa bands of the blood serum, the tear 


fluid, and the aqueous humor. 


line deposits in the eyes of our patients were 
intracellular and present in both the superficial 
corneal epithelial cells and the conjunctival 
epithelium (Figs. 2 and 3). 

Barr, Gelender, and Font” and Cherry and 
associates” also described exclusively intracel- 
lular paraprotein deposits. Barr, Gelender, and 
Font* regarded these as an indication that the 
protein inclusions develop from the corneal 
cells, but Cherry and associates” thought that 
the material was phagocytosed by the cells. We 
share the view of Cherry and associates, since 
the intracellular inclusions of our patients were 
surrounded by a double membrane (Fig. 4). The 
precipitation of the paraproteins is therefore 
probably associated with phagocytosis and the 
action of lysosomal enzymes. 

In 1968, Gloor” noted that corneal changes in 
diseases that accompany paraproteinemia dis- 
play a morphologic diversity. Different patterns 
of opacity have also been described regarding 
IgG-kappa-light chain type monoclonal gam- 
mopathy. Thus, anterior opacities may involve 
only the epithelium, Bowman’s membrane, and 
the anterior stroma.” Lamellar keratoplasty is 
the preferred therapy if these opacities reduce 
vision markedly. Barr, Gelender, and Font” and 
Cherry and associates” described three cases in 
which partially crystalline and partially amor- 
phous deposits involved the entire corneal stro- 
ma with no involvement of the epithelium or 
the endothelium. Furthermore, two cases have 
been reported in which deposits in the deep 
stroma left the corneoscleral limbus area 
clear." The patients described by Ormerod 
and associates’ and Meythaler and Flick?’ most 
resemble ours. 


The factors that determine the extent and 
form of the deposits in IgG-kappa-light chain 
gammopathy have not been identified. The 
course, the intensity, and the duration of the 
disease may be important. Conversely, the lo- 
cation and form of the deposits may be influ- 
enced by the mechanisms by which parapro- 
teins are transported to the corneal cells, the 
ability of the corneal cells to phagocytose, or by 
the biologic properties of the paraproteins.!""" 
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Postoperative Complications After Molteno Implant 


Surgery 





Shlomo Melamed, M.D., Michael Cahane, M.D., Isaac Gutman, M.D., 
and Michael Blumenthal, M.D. 


We performed Molteno implant surgery in 
one eye each of 41 patients with uncontrolled 
glaucoma. Intraocular pressure was controlled 
(intraocular pressure less than or equal to 18 
mm Hg) in 32 eyes (78%). The mean preopera- 
tive intraocular pressure was 40 + 13.2 mm Hg, 
whereas the mean postoperative intraocular 
pressure was 16 + 6.6 mm Hg. Patients were 
followed up for an average of 16 months after 
the operation. Visual acuity was unchanged in 
23 eyes (56%), improved in nine eyes (22%), 
and poorer in nine eyes (22%). The major 
complications included shallow anterior 
chamber and hypotony in six eyes (14.6%), 
vitreous hemorrhage in two eyes (4.9%), reti- 
nal detachment in one eye (2.4%), and malig- 
nant glaucoma in two eyes (4.9%). Less grave 
complications included hyphema in four eyes 
(9.8%), peripheral choroidal effusion in 15 
eyes (36.6%), obstruction of the tube in six 
eyes (14.6%), recession of the tube into the 
angle in two eyes (4.9%), erosion of the tube in 
one eye (2.4%), and Tenon’s cyst formation in 
three eyes (7.3%). 


The Moreno IMPLANT is an aqueous drainage 
device designed to drain the aqueous from the 
anterior chamber through a tube into a reser- 
voir located at the ocular equator. Various 
drainage devices are available,’” but the 
Molteno implant has the most widespread clini- 
cal use.” 

Although Molteno implant surgery is suc- 
cessful in controlling intraocular pressure in 
many eyes with refractory glaucoma, postoper- 
ative complications are common. These include 
erosion of the implant through the sclera or 
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conjunctiva,"”’* prolonged hypotony with oblit- 


eration of the anterior chamber, apposition of 
the tube to the corneal endothelium, which may 
lead to corneal edema, and obstruction of the 
tube with iris tissue vitreous gel, fibrin, or 
blood.’*"*"> Other complications include cho- 
roidal effusion, suprachoroidal hemorrhage, 
retinal detachment, band keratopathy, pupil- 
lary block glaucoma, infection, and endoph- 
thalmitis.’"""" Anterior chamber flattening 
and hypotony, one of the most hazardous com- 
plications, have been reported to occur less 
frequently after temporary ligation of the tube, 
two-stage operations, or after using a donor 
scleral patch graft.41:1012,15-18 

Postoperative complications of Molteno im- 
plant surgery are also affected by the advanced 
disease processes that usually exist in these 
eyes, such as inflammation, scarred conjuncti- 
va, and neovascularization. We performed Mol- 
teno implant surgery in 41 patients with refrac- 
tory glaucoma. 


Patients and Methods 


All patients had refractory glaucoma and had 
required either a filtering operation or cyclocry- 
otherapy before Molteno implant surgery. Ocu- 
lar examinations were performed in all pa- 
tients, including best-corrected visual acuity, 
intraocular pressure measurements preopera- 
tively and at intervals postoperatively, biomi- 
croscopy, ophthalmoscopy, and visual field 
analysis. All patients underwent the same sur- 
gical procedure of one-stage single-plate Mol- 
teno implant surgery, performed by the same 
surgeon (S.M.) with retrobulbar anesthesia. 

A fornix-based conjunctival flap was dissect- 
ed at the superonasal or superotemporal quad- 
rant with relaxing incisions of the conjunctiva 
to expose the sclera posterior to the equator. 
The Molteno plate was then secured to the 
sclera with 8-0 silk sutures, approximately 10.0 
mm posterior to the corneoscleral limbus. 

An anterior chamber paracentesis was fol- 
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lowed by injection of hyaluronic acid into the 
anterior chamber with a 30-gauge cannula. An 
8.0 x 6.0-mm rectangular donor scleral patch 
graft was sutured to the sclera adjacent to the 
corneoscleral limbus with 9-0 nylon sutures at 
the anterior and posterior corners on one side. 
The scleral patch was reflected, and a 9-0 nylon 
suture was placed into the sclera 3 mm posteri- 
or to the corneoscleral limbus beneath and 
around the tube. This suture served to anchor 
the tube to the sclera and prevented its shift 
sideways postoperatively. A 5-0 Vicryl suture 
was ligated around the tube at its exit from the 
plate and closed tightly to occlude its lumen. 
This suture was self-absorbable and usually 
dissolved three days to three weeks postopera- 
tively. The tube was trimmed bevel-up and then 
inserted into the anterior chamber through a 
track made with a 21-gauge needle 1.0 mm 
posterior to the corneoscleral limbus and paral- 
lel to the iris. The tube was secured by the 
previously placed nylon suture. The scleral 
graft was brought back to position and was 
sutured to the sclera covering the tube. The 
conjunctiva was closed with 7-0 Vicryl or silk 
sutures. Corticosteroids and antibiotics were 
injected subconjunctivally. In the early postop- 
erative period, topical corticosteroids and cy- 
cloplegics were applied. 





Results 





Twenty-six males and 15 females were stud- 
ied. The preoperative diagnoses included pseu- 
dophakic glaucoma in 16 eyes, aphakic glauco- 
ma in six eyes, neovascular glaucoma in eight 
eyes, postkeratoplasty glaucoma in three eyes, 
posttraumatic glaucoma in three eyes, Sturge- 
Weber syndrome in one eye, congenital glauco- 
ma in one eye, juvenile glaucoma in one eye, 
and Chandler syndrome in one eye. The previ- 
ous surgical procedures in these 41 patients 
included cataract extraction with intraocular 
lens implantation in 16 eyes, cataract extraction 
without intraocular lens implantation in six 
eyes, one filtering operation in 18 eyes, more 
than one filtering operation in 20 eyes, pene- 
trating keratoplasty in three eyes, and cyclocry- 
otherapy in ten eyes. The mean age of the 
patients was 57 + 8.2 years (range, 7 to 85 
years). The mean preoperative intraocular pres- 
sure was 40 + 13.2 mm Hg. 

Thirty-two of the patients (78%) had postop- 
erative intraocular pressure of 18 mm Hg or 


less. The mean postoperative intraocular pres- 
sure was 16 + 6.6 mm Hg. The mean follow-up 
time was 16 months (range, four to 28 months). 
Visual acuity remained unchanged in 23 pa- 
tients (56%), improved in nine patients (22%), 
and decreased in nine patients (22%). The caus- 
es of reduction in visual acuity included hypot- 
ony and cystoid macular edema (three pa- 
tients), vitreous hemorrhage (two patients), 
retinal detachment (one patient), and apparent 
further progression of optic nerve damage in 
three patients. 

There were no major intraoperative compli- 
cations. Early hyphema appeared in four eyes 
(9.8%) that had neovascular glaucoma. It re- 
solved within two days without any sequelae. 
Shallow anterior chamber and prolonged hy- 
potony occurred in six patients (14.6%). A deep 
anterior chamber was present within two weeks 
after the operation in all patients. A peripheral 
choroidal effusion occurred in 15 eyes (36.6%). 

Block of the tip of the tube in the anterior 
chamber occurred in six patients (14.6%). In 
three eyes the tip was blocked by fibrin, in two 
eyes by iris tissue, and in one eye by the 
vitreous gel. In each instance, Nd:YAG laser 
application to the tube’s tip reopened the tube 
with subsequent increase of aqueous flow and 
immediate reduction of intraocular pressure. 

Recession of the silicone tube to the anterior 
chamber angle occurred in two cases (4.9%). 
One eye required Nd:YAG laser application to 
the fibrin tissue that covered the tube’s tip. 
Intraocular pressure remained controlled in 
both eyes. 

Erosion of the tube occurred in one patient. 
This was one of two cases that required removal 
of the implant. Malignant glaucoma occurred in 
two patients (4.9%). Both eyes were pseudo- 
phakic with a history of angle-closure glauco- 
ma. Nd:YAG laser hyaloidotomy was successful 
in both cases, with deepening of the anterior 
chamber and reduction of intraocular pressure. 

Tenon’s cyst formation occurred in three pa- 
tients (7.3%), two to four months postopera- 
tively. Two patients had glaucoma after pene- 
trating keratoplastv, and one patient had 
juvenile glaucoma. In two patients, repeated 
needling of the cyst through the conjunctiva 
was sufficient to achieve control of intraocular 
pressure, whereas in one eye surgical excision 
of the Tenon’s cyst was performed. 

Vitreous hemorrhage occurred in two eyes 
(4.9%). In one patient it resolved after two 
months, whereas in the other patient vitreous 
opacification developed with reduction of visu- 
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al acuity from 20/100 to counting fingers at 20 
cm, which required vitrectomy. 

Retinal detachment occurred in one eye 
(2.4%). Initially suprachoroidal hemorrhage 
developed, subsequently accompanied by reti- 
nal detachment, with the retina adhering to the 
posterior intraocular lens surface. The patient 
required two choroidal tap procedures, removal 
of the implant, pars plana vitrectomy, and sili- 
cone oil injection to flatten the retina. Intraocu- 
lar pressure remained high (60 mm Hg), and the 
patient required cyclocryotherapy, with subse- 
quent intraocular pressure control at 12 mm Hg 
and visual acuity of counting fingers at 1 foot. 


—————— eee 


Discussion 
nin e N en 


The Molteno implant is a widely used aque- 
ous drainage device for eyes with refractory 
glaucoma. Although our success of intraocular 
pressure control in these difficult cases is prom- 
ising, complications occur with this procedure. 

Modifications in operative technique, such as 
temporary ligation of the tube, the use of intra- 
cameral viscoelastic material, the use of needle 
track for insertion of the tube, and a donor 
scleral patch, have been reported to reduce 
some of the major postoperative complications 
substantially but have not totally eliminated 
their occurrence."'*'* Despite the success of 
intraocular pressure control, however, postop- 
erative sequelae and complications do occur. 

Postoperative hyphema has been described in 
patients with neovascular glaucoma.‘ We de- 
tected hyphema in four eyes with neovascular 
glaucoma. This complication resolved within 
days and had no effect on the outcome of the 
operation. 

Despite tight ligation of the tube, shallow 
anterior chamber and hypotony occurred in 
14.6% of the eyes. This have been caused by 
aqueous leakage around the silicone tube de- 
spite the use of a 21-gauge needle track per- 
formed to introduce it into the anterior cham- 
ber. In all eyes, the anterior chamber regained 
its full depth within two weeks, but in three 
eyes visual acuity decreased because of persis- 
tent cystoid macular edema. We believe this 
complication is still one of the most serious 
after Molteno implant surgery, although its rate 
and severity were reduced with these modifica- 
tions. 

Other serious complications are suprachoroi- 
dal hemorrhage, vitreous hemorrhage, and ret- 


inal detachment. In one patient visual loss was 
caused by retinal detachment after supracho- 
roidal hemorrhage. A similar rate of retinal 
detachment after Molteno implant surgery has 
been reported by Minckler and associates,” and 
thus we believe the intraoperative modifica- 
tions we used do not basically affect this rate. 
Vitreous hemorrhage occurred in two eyes 
(4.9%), with complete resolution of the bleed- 
ing in one eye and persistent fibrous organiza- 
tion that required vitrectomy in the other eye. 
The reasons for vitreous hemorrhage may be 
inadvertent scleral perforation or extension of 
suprachoroidal hemorrhage. 

Less grave postoperative complications may 
be treated adequately upon diagnosis. Obstruc- 
tion of the tip of the tube by fibrin, iris, and 
vitreous was detected in six eyes. All eyes were 
treated successfully by lasering the tube’s tip 
and reopening the route for aqueous flow.” 
Trimming of the tube’s tip bevel-up is an impor- 
tant intraoperative step that allows an easy 
approach to the blocked tube if necessary. 

Recession of the tube in two eyes into the 
angle probably resulted from failure to attach 
the tube or the plate to the sclera. This compli- 
cation must be monitored closely, because ex- 
trusion of the tube may occur during the early 
postoperative period. Obstruction of the tip of 
the tube by fibrin or iris may be corrected by 
laser surgery. One such patient responded fa- 
vorably to laser treatment through a goniolens 
with subsequent reduction of intraocular pres- 
sure. 

Malignant glaucoma was detected in two eyes 
(4.9%). Both eyes were pseudophakic, had had 
previous chronic angle-closure glaucoma, and 
responded well to Nd:YAG laser hyaloidotomy. 
The danger in such cases is from the shallow 
chamber and the developing pressure that push 
the tube against the corneal endothelium. In 
both eyes, prompt diagnosis and treatment re- 
sulted in rapid deepening of the anterior cham- 
ber with subsequent reduction of intraocular 
pressure without corneal damage. 

Tenon’s cyst with accompanying intraocular 
pressure increase occurred in three eyes (7.3%). 
All of these patients were relatively young 
(ages 21, 28, and 42 years) with inflamed eyes 
before surgery. The presumed excessive heal- 
ing process of the young patient and the stimu- 
latory effect of the inflamed eye to enhance the 
scarring may explain the active subconjunctival 
fibrosis in these eyes. Two eyes responded to 
repeated subconjunctival needling of the cyst, 
whereas in one eye only complete surgical re- 
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moval of the cyst resulted in good intraocular 
pressure control. 

Focusing on postoperative complications of 
Molteno implant surgery should not lead to the 
impression that Molteno implant surgery is not 
effective. Knowing the possible complications 
may help in planning the operation, and in 
prevention and treatment of many of these 
complications. The intraoperative modifica- 
tions reduce the rate and severity of complica- 
tions, but further improvement is necessary. 
The use of intracameral viscoelastic material, 
donor scleral patch, a needle track for tube 
insertion, and temporary ligation of the tube 
help in reducing severe complications such as 
anterior chamber shallowing and hypotony, ap- 
position of the tube to the corneal endothelium 
or the lens, and tube erosion. 

However, other complications such as retinal 
detachment, vitreous hemorrhage, malignant 
glaucoma, obstruction of the tube, and Tenon’s 
cyst formation are not affected by these modifi- 
cations. Fortunately, most postoperative seque- 
lae are transient or can be treated successfully 
either by laser treatment or additional surgery. 
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A Comparison of Total and Partial Tenonectomy With 


Trabeculectomy 
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Kevin N. Miller, M.D., Marino Blasini, M.D., M. Bruce Shields, M.D., 
and Chih-Hsiang Ho, Ph.D. 


We compared the results of two methods of 
tenonectomy at the time of trabeculectomy. Of 
49 eyes, 23 were randomly assigned to a partial 
tenonectomy and 26 to a total tenonectomy. 
There was no statistically significant differ- 
ence in the success rate between the two surgi- 
cal groups using an upper limit of intraocular 
pressure of either 18 or 21 mm Hg as the 
criterion for success. There was no difference 
in the need for postoperative medications or 
further surgical intervention between the two 
groups. Although certain advantages exist 
with each technique, these findings suggest 
that equivalent results can be anticipated 
with either a total or partial tenonectomy. 


There ARE DIFFERENT OPINIONS concerning the 
question of if and in what manner Tenon’s 
capsule should be removed at the time of filter- 
ing surgery. The results of one study suggested 
similar control of glaucoma in patients under- 
going trabeculectomy with or without te- 
nonectomy.' We compared the results of two 
methods of tenonectomy at the time of trabecu- 
lectomy. 





Patients and Methods 





The patients in this study underwent trabecu- 
lectomy at the Duke University Eye Center 
performed by one of three of us (K.N.M., M.B., 
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or M.B.S.). Patients with uncontrolled glauco- 
ma despite maximum tolerable medical and 
laser therapy were included. Patients were ex- 
cluded from the study if they had neovascular 
glaucoma, active anterior uveitis, previous cat- 
aract extraction, or previous failed filtering sur- 
gery. The patients were randomly assigned into 
one of two groups. One group underwent tra- 
beculectomy with partial tenonectomy, and the 
other group underwent trabeculectomy with 
total tenonectomy. The surgical procedure was 
otherwise identical in both groups. 

In both groups, a conjunctival incision was 
made in one of the superior quadrants, 8 to 10 
mm behind the corneoscleral limbus. In the 
partial tenonectomy group, the incision was 
also carried through Tenon’s capsule to the 
episclera. The two-layer incision was then ex- 
tended laterally for two to three clock hours, 
and Tenon’s capsule was dissected from under- 
lying episclera forward to the corneoscleral 
limbus. The remainder of the trabeculectomy 
was performed in a standard fashion, which 
included a triangular-shaped, partial-thickness 
scleral flap, a 2 X 4-mm fistula, a peripheral 
iridectomy, and closure of the scleral flap witha 
single 10-0 nylon suture. Before closing the 
conjunctival incision, the free edge of Tenon’s 
capsule was gently pulled away from the edge 
of the conjunctiva and the excess Tenon’s cap- 
sule was excised, without interfering with the 
conjunctiva. The conjunctival incision was then 
closed with a running 10-0 polyglycolic acid 
suture on a fine, tapered, noncutting needle. 

The total tenonectomy group underwent the 
Same procedure except for the following varia- 
tion. The conjunctival incision, 8 to 10 mm 
behind the corneoscleral limbus, was extended 
laterally for two to three clock hours but was 
not continued through Tenon’s capsule. In- 
stead, the dissection was carried forward to the 
corneoscleral limbus between the conjunctiva 
and the underlying Tenon’s capsule. After this 
dissection was completed, Tenon’s capsule was 
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incised along the corneoscleral limbus slightly 
posterior to the hinge of the conjunctival flap, 
dissected posteriorly from underlying epi- 
sclera, and excised near the level of the original 
conjunctival incision. The trabeculectomy was 
then completed in the usual fashion. 

In both groups, atropine and an antibiotic- 
corticosteroid ointment were applied to the eye 
at the end of the procedure. These two medica- 
tions were continued postoperatively two and 
four times daily for approximately one month. 

A comparison was made of the characteristics 
of the partial and total tenonectomy groups. 
Preoperative data included mean age, race, 
gender, preoperative diagnosis, mean intraocu- 
lar pressure, right vs left eye being operated on, 
and mean number of preoperative medications 
needed. Postoperative data included visual acu- 
ity, intraocular pressure, anterior chamber re- 
action, bleb characteristics, and fundus appear- 
ance. The anterior chamber depth was graded 
according to the following criteria: (1) deep, 
greater than or equal to one corneal thickness 
between midperipheral iris and overlying cor- 
nea; (2) shallow, from slit-shaped to one corne- 
al thickness between the entire iris and overly- 
ing cornea; (3) extremely shallow, peripheral 
iris-corneal touch but no lens-corneal touch, no 
compression of the iris stroma, and no corneal 
decompensation; and (4) flat, lens-corneal 
touch, compression of the iris stroma, and cor- 
neal decompensation. The characteristics of the 
bleb were graded according to the following 
criteria: (1) localized (less than two clock 
hours), low to high height, avascular to partial- 
ly vascular bleb, with few to many microcysts; 
(2) diffuse (greater than two clock hours), low 
to high height, avascular to partially vascular 
bleb, with none to many microcysts; (3) encap- 
sulated, medium to high height, partially vas- 
cular to vascular bleb, with no microcysts; and 
(4) failing, low to flat height, partially vascular 
to vascular bleb, with no microcysts. 

These observations were generally docu- 
mented on postoperative Days 1, 2, and 7, and 
at two weeks, one month, and every two to four 
months thereafter for the duration of the study. 
For patients who returned for examination to 
their primary ophthalmologist, usually at the 
end of one month, some late postoperative data 
were obtained from these physicians. 

A bleb was believed to be encapsulated if it 
had at least medium height, intraocular pres- 
sure of 25 mm Hg or higher in the period two to 
12 weeks after filtering surgery, and no evi- 
dence of early bleb failure. 

The patients were followed up for a minimum 


of five months or until an additional surgical 
procedure was needed. The intraocular pres- 
sure used in determining success or failure was 
either the last intraocular pressure measure- 
ment on follow-up examination or the intraocu- 
lar pressure measured slightly before any addi- 
tional surgical procedure. An eye was classified 
as having a failed procedure if the final intraoc- 
ular pressure was less than 4 mm Hg or if 
additional filtering surgery with or without 
cataract extraction was needed. Two levels of 
qualified failure were also applied to the final 
results: final intraocular pressure greater than 
21 mm Hg and 18 mm Hg. Final postoperative 
data also included the mean number of medica- 
tions required and the mean follow-up time of 
each group. 

Statistical analysis was used to compare the 
variables preoperatively and postoperatively in 
the two groups. The Mann-Whitney test was 
used in comparing the two groups with regard 
to patient age, preoperative intraocular pres- 
sure, number of preoperative medications, 
postoperative intraocular pressure, and mean 
follow-up time. The chi-square test was used 
for all other comparisons. Some of the sub- 
groups with few patients were combined and 
the data were pooled when using the chi-square 
method to compare the preoperative diagnosis, 
the postoperative bleb appearance, and the 
number of medications required postopera- 
tively. 





Results 





A total of 49 eyes of 44 patients were includ- 
ed in the study. Of these eyes, 23 were random- 
ly assigned to a partial tenonectomy and 26 toa 
total tenonectomy. 

In the partial tenonectomy group, the mean 
age was 64 years. Fifteen patients (17 eyes) 
were white and six patients (six eyes) were 
black. Sixteen patients were men (17 eyes) and 
five patients were women (six eyes). Eight right 
eyes and 15 left eyes were operated on. The 
diagnoses included the following: combined 
open- and closed-angle mechanism (one eye); 
primary open-angle glaucoma (18 eyes); pig- 
mentary glaucoma (one eye); chronic closed- 
angle glaucoma (two eyes); and iridocorneal 
endothelial syndrome (one eye). The mean pre- 
operative intraocular pressure was 27.8 mm 
Hg. The mean number of preoperative medica- 
tions taken was 3.0. 

In the total tenonectomy group, the mean age 
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was 61 years. Fifteen patients (16 eyes) were 
white and eight patients (ten eyes) were black. 
Eleven patients were men (12 eyes) and 12 
patients were women (14 eyes). Seventeen right 
eyes and nine left eyes were operated on. The 
diagnoses included the following: combined 
open- and closed-angle mechanism (one eye); 
primary open-angle glaucoma (18 eyes); pig- 
mentary glaucoma (one eye); chronic closed- 
angle glaucoma (one eye); angle-recession 
glaucoma (one eye); iridocorneal endothelial 
syndrome (one eye); inflammatory glaucoma 
(two eyes); and open-angle glaucoma after pen- 
etrating keratoplasty (one eye). The mean pre- 
Operative intraocular pressure was 30.5 mm 
Hg. The mean number of preoperative medica- 
tions taken was 3.2. 

There was no statistically significant differ- 
ence between the characteristics in the two 
groups with two exceptions. There was a weak 
statistical significance between the two groups 
whencomparing the sex of the patients (P = .049) 
and whether the right or left eye was 
operated on (P = .033). 

Technically, preparation of the conjunctival 
flap required more sharp dissection with the 
total tenonectomy, although the degree of in- 
traoperative bleeding was comparable for the 
two techniques. ‘wo eyes in the partial te- 
nonectomy group were complicated by inad- 
vertent creation of a hole in the conjunctival 
flap. 

Data from the early postoperative period (the 
first two months) are shown in the Table. There 
was no statistically significant difference be- 
tween the two groups with regard to mean 
intraocular pressure, bleb characteristics, or 
anterior chamber depth. 


TABLE 


Final intraocular pressure between 4 and 18 
mm Hg was attained in 19 of 23 eyes (83%) in 
the partial group and 18 of 26 eyes (69%) in the 
total tenonectomy group, whereas intraocular 
pressure between 4 and 21 mm Hg was attained 
in 20 of 23 eyes (87%) in the partial group and 
21 of 26 eyes (81%) in the total tenonectomy 
group. One patient in the total tenonectomy 
group had final intraocular pressure less than 4 
mm Hg. There was no statistically significant 
difference in final intraocular pressure between 
the two groups (P = .59). 

There was no statistically significant differ- 
ence between the total and partial tenonectomy 
groups regarding the number of medications 
required by those patients with final intraocu- 
lar pressure between 4 and 18 mm Hg (P = .72). 
One patient in the total tenonectomy group and 
two patients in the partial tenonectomy group 
developed encapsulated blebs. These patients 
were treated medically, and intraocular pres- 
sure decreased to an acceptable level. 

One eye in the partial tenonectomy group 
and two in the total tenonectomy group re- 
quired repeat filtering surgery, which was com- 
bined with cataract extraction in two of these 
patients. One patient in the partial te- 
nonectomy group underwent drainage of ser- 
ous suprachoroidal fluid and a subsequent com- 
bined cataract and filtering surgery procedure. 
In the total tenonectomy group, one patient 
required drainage of a suprachoroidal hemor- 
rhage and subsequently underwent cataract ex- 
traction. The need for further surgical interven- 
tion was similar in the two groups. The mean 
follow-up period was 11.0 months for the par- 
tial tenonectomy group and 10.8 months for the 
total tenonectomy group. 


EARLY POSTOPERATIVE DATA 
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MEAN INTRAOCULAR 
PRESSURE (MM HG) 


LOCAL- 
GROUP DAY1 DAY2 WEEK1 WEEK6 IZED 
Partial 6.1 55 4.9 Tei 1 
tenonectomy 
Total 3.6 3.5 Di 14.2 1 
tenonectomy 
P value* .09 21 33 .42 —- 


BLEB APPEARANCE AT 
ONE MONTH (EYES)* 


ANTERIOR CHAMBER DURING 
FIRST MONTH (Eves)* 


ENCAP- EXTREMELY 

SULATED FAILING DEEP SHALLOW SHALLOW FLAT 
0 3 1 4 15 3 
0 2 5 4 15 2 


“Data available on 19 eyes in the partial tenonectomy group and 21 eyes in the total tenonectomy group. 
"Represents shallowest recorded depth during first postoperative month. Data available on 23 eyes in the partial tenonectomy group 


and 26 eyes in the total tenonectomy group. 


*Bleb appearance dt one month, P = .55; anterior chamber during first month, P = .44. 
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Discussion 





No consensus of opinion among glaucoma 
surgeons exists as to how Tenon’s capsule 
should be managed at the time of filtering 
surgery. We have used both total and partial 
tenonectomy methods of managing Tenon’s 
capsule during filtering surgery. 

We did not find any statistically significant 
difference in the success rate between the two 
surgical groups using an upper limit of either 18 
or 21 mm Hg as the criterion for success, nor 
did we find any difference in the need for 
postoperative medications or further surgical 
intervention between the two groups. These 
findings are consistent with those of Kapetan- 
sky,! who studied two groups of patients treat- 
ed with a trabeculectomy. He used a subtotal 
tenonectomy in one group and left Tenon’s 
capsule intact in the other. No difference be- 
tween the two groups was noted with regard to 
postoperative intraocular pressure control. 

The role of Tenon’s capsule in the develop- 
ment of postoperative encapsulated blebs re- 
mains unclear. Only one patient in the total 
tenonectomy group and two in the partial te- 
nonectomy group developed encapsulated 
blebs. Although these numbers are too small to 
make any significant comment with regard to 
the development of encapsulated blebs, these 
observations would seem to argue against the 
role of Tenon’s capsule in this complication. 
Sherwood and associates’ reported 79 encapsu- 
lated blebs among 607 eyes undergoing filter- 
ing surgery (13%), with only one of these hav- 
ing had a tenonectomy. Scott and Quigley” 
reported 18 encapsulated blebs in 181 eyes 
undergoing trabeculectomy and tenonectomy 
(10%). 

Clearly, a total tenonectomy requires a more 
careful dissection and may be more likely to be 
associated with inadvertent hole formation 
than the subtenon’s dissection and the partial 
tenonectomy technique. This would seem to 
favor a partial or no tenonectomy in most cases, 
despite the finding that the only cases of inad- 
vertent hole formation of the conjunctival flap 
in our study were in the partial tenonectomy 
group. We have noted one intraoperative prob- 
lem with the partial tenonectomy technique. 
When Tenon’s capsule is unusually thick, the 
initial incision threugh conjunctiva and Ten- 
on's capsule is more likely to be associated with 
brisk bleeding from vessels that are more diffi- 


cult to see in the depths of a thick Tenon’s 
capsule incision and, therefore, easier to dam- 
age and harder to cauterize. With the total 
tenonectomy technique, these vessels are more 
easily seen because the Tenon’s capsule is dis- 
sected back from the corneoscleral limbus. For 
this reason, a total tenonectomy may be advan- 
tageous when this layer is unusually thick. 
Another possible advantage of a total te- 
nonectomy, especially when the tissue is unu- 
sually thick, is to facilitate laser suture lysis, if 
this is anticipated in the early postoperative 
course. 

In most cases, however, intraoperative ad- 
vantages favor the partial tenonectomy. With 
this technique, the residual Tenon’s capsule is 
not removed until just before closure of the 
conjunctival incision. This allows the surgeon 
or assistant to grasp the free edge of Tenon’s 
capsule, thereby minimizing manipulation of 
the conjunctival flap with forceps, which may 
help reduce the chance of an inadvertent hole 
or conjunctival tear. An additional benefit of a 
partial or no tenonectomy is observed in pa- 
tients who might require a double closure first 
of Tenon’s capsule and then of the conjunctiva. 
This is becoming a more popular technique for 
patients who will receive postoperative 5-fluo- 
rouracil, in whom there is an increased risk of 
wound leak.’ 

In the final analysis, as with most aspects of 
glaucoma filtering surgery, the decision as to 
how to handle Tenon’s capsule during the pro- 
cedure rests With each surgeon’s individual 
preference. Our findings suggest, however, that 
equivalent results can be anticipated with ei- 
ther a total or partial tenonectomy. 
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Therapeutic Ultrasound for the Treatment of Glaucoma 





Ronald H. Silverman, Ph.D., Barbara Vogelsang, M.D., Mark J. Rondeau, 
and D. Jackson Coleman, M.D. 


A multicenter clinical trial of therapeutic 
ultrasound for the treatment of glaucoma in- 
cluded 20 centers in the United States in 
which 1,117 treatments were performed on 880 
eyes. The study was limited to patients with 
refractory glaucoma who had not benefited 
from conventional medical and surgical tech- 
niques. Approximately 782 of 1,117 treatments 
(70%) showed an initial decrease in intraocu- 
lar pressure from a pretreatment mean of 38.1 
mm Hg to 22 mm Hg or less. By Kaplan-Meier 
survival analysis, the single treatment success 
rate (intraocular pressure between 6 and 22 
mm Hg) was 48.7% at six months posttreat- 
ment. When retreatment was used subsequent 
to failure, the one-year multitreatment suc- 
cess rate was 79.3%. The most common com- 
plications were an immediate posttreatment 
intraocular pressure increase lasting a few 
hours and mild iritis. Other complications 
included scleral thinning in 28 of 1,117 treat- 
ments (2.5%) and phthisis bulbi in 12 of 1,117 
treatments (1.1%). 


Unt recentLy the therapeutic options for 
patients with refractory glaucoma were severe- 
ly limited. The most commonly performed pro- 
cedure for patients who did not respond to 
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surgical intervention was cyclocryotherapy. Al- 
though this procedure is effective in decreasing 
intraocular pressure, it is also associated with a 
high rate of ocular morbidity and patient dis- 
comfort. After observing that a focused beam of 
high-intensity ultrasound is capable of forming 
scleral lesions through thermal effects,” we 
began to investigate the possibility that this 
modality might be used for treatment of glauco- 
ma either by decreased aqueous production 
through ciliodestruction or by increased out- 
flow through the uvea or the transscleral route. 

In 1985, we described the effects of high- 
intensity focused ultrasound on glaucoma in an 
animal model’ and in a small group of patients 
with end-stage glaucoma.’ Because of the en- 
couraging results of these pilot studies, patients 
continued to be enrolled at the New York Hos- 
pital—Cornell Medical Center, and articles ona 
larger clinical study were published in 1986.°* 

In 1985, Cornell University Medical College, 
through the Cornell Research Foundation, li- 
censed the ultrasound technology developed in 
our laboratory to Sonocare, Inc. Sonocare or- 
ganized a multicenter clinical trial under Food 
and Drug Administration guidelines involving 
20 centers, including Cornell University Medi- 
cal College. One of us (D.J.C.) acted as the 
clinical monitor of this study. In 1988, after 
completion of the study enrollment goals and 
analysis of results, the procedure was approved 
by the Food and Drug Administration as safe 
and efficacious. 

Reports have been published regarding the 
results of certain centers involved in this 
study.’* We provide a comprehensive summary 
of the results obtained on 1,117 treatments of 
880 eyes treated at 20 centers during the course 
of the study and examine the effect of treatment 
variables, glaucoma type, lens status, and 
demographics in terms of success rates. Addi- 
tionally, we provide comprehensive documen- 
tation of patient discomfort, complications, 
side effects, and changes in visual acuity and 
medication levels after treatment. 
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Patients and Methods 





Description of the technique—Transducers 
having an 80-mm outer diameter, 90-mm focal 
length, and frequency of 4.6 MHz were used in 
all centers involved in this study. The transduc- 
ers produced an ultrasound beam with a focal 
zone having a diameter of 0.4 mm and a length 
of 3.0 mm. The transducer assembly included a 
diagnostic A scan (for ranging) and a coaxial 
fiberoptic aiming light contained in a water- 
filled plastic cone. A description of the thera- 
peutic ultrasound device and the biophysical 
details of lesion formation has been previously 
reported.” 

After giving informed consent, the patients 
were given retrobulbar anesthesia and treated 
on an outpatient basis. In some instances, chil- 
dren were treated under light halothane anes- 
thesia. 

The transducer was coupled to the eye witha 
sterile, saline-filled water bath, similar to that 
used in immersion ultrasonography. This was 
necessary because ultrasound will not propa- 
gate through air. Using the aiming light and the 
cofocal A scan, the transducer focal zone was 
directed onto the sclera at a distance of 2 to 3 
mm from the corneoscleral limbus. Under the 
study protocol, four to six five-second applica- 
tions were to be made with a radiation force of 3 
g. The positioning of the applications in clock 
hours was recorded, though not specified, be- 
cause this was not found to be an important 
factor in earlier studies and retreatment over 
the same zone at a later date was not precluded. 

Study organization—Each of the 880 patients 
enrolled in this study was treated at one of 20 
centers located in the continental United 
States. In addition to the principal investigator, 
most centers had additional physicians ap- 
proved to perform the procedure. Patient fol- 
low-up and recording of data were performed 
by the treatment centers or by the referring 
ophthalmologists. 

The clinical trial was limited to patients with 
refractory glaucoma who had not responded to 
conventional maximal medical or surgical ther- 
apy. Surgical procedures included argon laser 
trabeculoplasty, filtering procedures, Molteno 
tubes, and cryopexy. A small number of pa- 
tients not fulfilling the refractory glaucoma 
requirement were treated under individual 
waivers from the Food and Drug Administra- 
tion. 


Before treatment, demographic and clinical 
data were recorded for each patient, including 
pretreatment visual acuity, intraocular pres- 
sure, type and cause of glaucoma, surgical and 
medical treatment history, and cornea, lens, 
angle, vitreous, and retinal status. At the time 
of treatment, treatment variables (number of 
applications, focal zone depth, radiation force, 
and lesion location) were recorded, as were 
type of anesthesia, medications, and complica- 
tions, if any. Standardized report forms for the 
study, which included intraocular pressure, 
visual acuity, visual fields, medication, discom- 
fort, complications, and status of various ocular 
structures, were completed at two to five hours, 
one day, one week, and one, three, six, and 12 
months after treatment. Copies of all reports 
were forwarded by the manufacturer to the 
clinical monitoring center for analysis. 

Statistical evaluation—Treatment efficacy was 
assessed by the examination of changes in the 
average intraocular pressure over time and the 
use of Kaplan-Meier lifetable (survival) analy- 
sis, in which failure was defined as either hy- 
potony (intraocular pressure less than or equal 
to 5 mm Hg) or uncontrolled intraocular pres- 
sure. Uncontrolled intraocular pressure was 
alternately defined as intraocular pressure ex- 
ceeding a threshold of either 22 or 25 mm Hg. 
Eyes subsequently treated with ultrasound or 
any other form of glaucoma therapy (other than 
drug therapy) were also classified as failures. 

Changes in visual acuity were expressed in 
terms of Snellen lines. Counting fingers, hand 
motions, light perception, and no light percep- 
tion were each counted as one line. 





Results 





Study population—Of 880 patients, 446 were 
male and 427 were female. (The sex of seven 
patients was not recorded.) Six hundred sev- 
enty-one patients were white, 152 were black, 
and 11 were classified as other. (The race of 46 
patients was not recorded.) The eyes of 298 
patients were phakic and 514 were aphakic. 
(The lens status of 68 patients was not record- 
ed.) The types of glaucoma included the follow- 
ing: congenital (71 patients); primary open- 
angle (205 patients); primary closed-angle (37 
patients); secondary open-angle (88 patients); 
secondary closed-angle (414 patients); and un- 
classified (65 patients). The types of secondary 
glaucoma included the following: neovascular 
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(158 patients); uveitic (69 patients); aphakic or 
pseudophakic (105 patients); traumatic (40 pa- 
tients); and other types or unclassified (130 
patients). Patient age ranged from 2 to 99 years 
(mean, 54.2 years). The mean intraocular pres- 
sure before treatment was 38.1 mm Hg. The 
average pretreatment visual acuity was be- 
tween 20/200 and 20/400. 

Of the 1,117 ultrasound treatments, 880 
(78.8%) were initial treatments, 205 (18.4%) 
were first retreatments, and 28 (2.5%) were 
second retreatments. Three eyes were treated 
four times and one eye was treated five times. 

Treatment efficacy—The mean intraocular 
pressures before and after treatment are shown 
in Figure 1. During the course of the study, we 
found that some patients had posttreatment 
intraocular pressure increase. For this reason, 
several centers selectively reported intraocular 
pressure starting immediately after treatment. 
These reports showed an average increase in 
intraocular pressure of 22.8 mm Hg immediate- 
ly after treatment. 

By two to five hours after treatment, the mean 
intraocular pressure was virtually the same as 
the pretreatment level. At this time, intraocular 
pressure increase of 5 mm Hg or more was 
recorded in only 83 of 459 reports (18%). By 
one day posttreatment, only 65 of 808 reports 
(8%) showed increased intraocular pressure, 
and by one week posttreatment, 25 of 844 
reports (3%) showed intraocular pressure in- 
creases above pretreatment levels. 

By one day after treatment, 323 of 808 reports 
(40%) showed an intraocular pressure decrease 
of 10 mm Hg or more. At one week and one 
month, the number of eyes with intraocular 


N=844 N=869  N=668 N=534 


intraocular Pressure (mmHg) 





pressure reduction of 10 mm Hg or more was 
582 of 844 (69%) and 530 of 869 (61%), respec- 
tively. At one month or more after treatment, 
228 of 994 reports (23%) showed intraocular 
pressure decrease of 25 mm Hg or more (medi- 
an decrease, 14 mm Hg). 

Treatment success rates, evaluated by survi- 
val analysis with intraocular pressure failure 
thresholds of 22 and 25 mm Hg, are shown in 
Figure 2 (top). Eyes with intraocular pressure 
above these thresholds or 5 mm Hg or less were 
classified as failures. Statistically, failures tak- 
ing place at any point during the study lowered 
the cumulative success rates for all subsequent 
intervals, whereas nonfailures were counted 
only for the duration of follow-up. 

The results for a single treatment show 279 to 
335 of 1,117 treatments (25% to 30%) did not 
respond to treatment or failed in the first month 
after treatment. At six months, cumulative suc- 
cess rates of 54.5% and 48.7% were observed, 
using the 25- and 22-mm Hg thresholds. At one 
year, the success rates were 41.9% and 38.1%, 
respectively. 

These results indicate that of the approxi- 
mately 70% to 75% of eyes that did show an 
initial response to treatment, 60% were still 
successfully controlled without retreatment af- 
ter one year. Since eyes that failed to respond to 
treatment or that failed after some time can be 
retreated, the success rates obtained using sin- 
gle treatment survival analysis underestimate 
the technique’s potential for control of intraoc- 
ular pressure. 

The success rates for multiple treatments, in 
which the duration of intraocular pressure con- 
trol by one or more treatments is determined, 


Fig. 1 (Silverman and associates). Mean 
intraocular pressures +2 standard error be- 
fore and at specified intervals after treat- 
ment. Number of reports received at each 
interval, N, are indicated above each bar. 


Pre-Rx Immediate 2-6 Hre 1 Day 1 Week 1 Month 3 Months 6 Months 1 Year 


Time Post Treatment 


330 AMERICAN JOURNAL OF OPHTHALMOLOGY 


March, 1991 


nee 


Percent Success 


IOP = 6 to 25 mmHg 
IOP = 6 to 22 mmHg 


Percent Success 


IOP = 6 to 25 mmHg 
IOP = 6 to 22 mmHg 





0 3 6 9 12 
MONTHS 

Fig. 2 (Silverman and associates). Cumulative suc- 
cess rates computed with Kaplan-Meier survival 
analysis. Top, Survival curves for single treatment. 
Bottom, Survival curves in which retreated eyes are 
not classified as failures. (Failures not retreated at 
least once are excluded.) 


are shown in Figure 2 (bottom). Since this 
analysis was designed to determine the efficacy 
of the multitreatment regimen, eyes that failed 
after the initial treatment without at least one 
attempt at retreatment were not considered. Of 
the 559 that satisfied this criteria, six-month 
success rates of 87.0% and 83.9% were found, 
using intraocular pressures of 25 and 22 mm Hg 
as the upper cutoffs. The corresponding one- 
year success rates were 84.8% and 79.3%. 
Comparative analyses—To study the effect of 
treatment and clinical variables, such as glau- 
coma type, previous treatment history, and 
pretreatment ocular status, we examined the 
success percentage at six months posttreat- 
ment. A statistical (log rank) test for the proba- 
bility that the difference in the cumulative suc- 
cess rates among the tested groups might have 
occurred by chance is given in Table 1. In this 





analysis, success was defined as maintenance of 
intraocular pressure between 6 and 25 mm Hg 
after a single treatment. 

Effect of number of applications—Eyes were 
divided into two groups: those given seven or 
more applications and those given six or fewer 
applications. Eyes given more than six applica- 
tions had a significantly higher success rate. 
This is consistent with previously reported re- 
sults, which also indicated that seven or more 
treatments had a greater intraocular pressure 
lowering effect but a higher complication rate. 

Effect of patient age—Patients were divided 
into four age groupings: 15 years or younger, 16 
to 35 years, 36 to 65 years, and older than 65 
years. The results showed that the success rate 
is lowest in children and highest in patients 
older than 65 years. There appears to be an 
almost direct relationship between age and suc- 
cess rate. This is somewhat different than earli- 
er findings in which it appeared that children 
had the lowest success rate, but no significant 
differences were found among the success rates 
in adults as a function of age.’ 

Response referred to pretreatment visual poten- 
tial—Although the study was limited to eyes 
with refractory glaucoma, it was of interest to 
determine the efficacy of therapeutic ultra- 
sound in eyes that retained a high degree of 
visual function. For this purpose, we stratified 
the population into two groups: those with 
visual acuity of 20/100 or better and those with 
visual acuity worse than 20/100. The results 
indicated that the success rate among eyes with 
good visual function was significantly higher 
than in those with poor visual potential. 

Response referred to glaucoma type—Analyses 
stratified according to type of glaucoma and 
cause (for secondary glaucomas) indicated that 
therapeutic ultrasound was most effective in 
patients with primary open-angle glaucoma, 
somewhat less successful for secondary glauco- 
mas, and least successful with congenital glau- 
coma. The low success rate in congenital glau- 
coma may be caused by correlation with patient 
age. 

Among the eyes with secondary glaucoma, 
the highest success rate was found for glaucoma 
secondary to uveitis, closely followed by apha- 
kic, pseudophakic, and traumatic glaucoma. 
Eyes with neovascular glaucoma had the lowest 
success rate. 

Other factors—Evaluation of race, sex, and 
lens status showed no significant correlation 
with treatment outcome. Retreated eyes were 
found to have a somewhat higher success rate 
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TABLE 1 
COMPARATIVE SINGLE-TREATMENT SUCCESS RATES 





SIX-MONTH 
SUCCESS” 
VARIABLE GROUP NO. PERCENTAGE P VALUE 
No. of appli- =6 767 50.3 .0001 
cations >6 307 65.3 
Treatment Initial 854 53.7 .4930 
Retreatments 226 57.6 
Age (years) = 15 71 44.1 .0078 
16-35 173 50.2 
36-65 442 53.6 
> 65 390 59.4 
Sex Male 558 54.3 .6140 
Female 515 54.2 
Race White 828 53.1 5735 
Black 186 58.2 
Other 18 46.9 
Pretreatment = 20/100 282 66.3 <.0001 
visual acuity < 20/100 700 49.4 
Lens status Phakic 364 52.6 2141 
Aphakic 643 53.7 
Glaucoma type Congenital 100 50.0 .0003 
Primary open 
angle 191 62.3 
Primary closed 
angle 36 71.4 
Secondary open 
angle 122 50.2 
Secondary closed 
angle 500 52.5 
Secondary Neovascular 191 40.4 .0001 
glaucomas_ Uveitic 85 67.8 
Aphakic 132 51.3 
Traumatic 54 51.4 


*Success was Classified as intraocular pressure of 6 to 25 
mm Hg. 


than eyes after the initial treatment, but this 
difference was not found to be statistically sig- 
nificant. 

Variation among study centers—Comparative 
results for the 20 centers are shown in Table 2. 
All centers except Cornell are numerically cod- 
ed. Single-treatment, six-month success rates, 


and the mean number of complications per eye 
were recorded for each center. 

Cornell, which included eyes treated with 
higher intensities of ultrasound and with great- 
er numbers of applications, had the largest 
number of cases and the second highest success 
rate among the study centers. Of the four cen- 
ters with 100 or more cases, three had better 
than average success rates, and the fourth was 
close to the mean. This observation suggests 
that operator experience is a factor in successful 
treatment outcome. 

Most of the difference between the Cornell 
results and those of the rest of the study can be 
largely attributed to the difference between the 
initial success rates of 90% for Cornell com- 
pared with 70% for the rest of the study. For 
both groups, the success percentage subse- 
quently decreased by 30% to 35% over the 
course of the year. 

Cornell's higher success rate was accompa- 
nied by a much higher incidence of phthisis 
bulbi and prephthisis bulbi. Of the 12 eyes with 
phthisis bulbi, ten occurred at Cornell. The 
high incidence of this complication at Cornell 
was related to the relatively greater number of 
applications given to many of these patients. 
More applications produced a greater intraocu- 
lar pressure lowering effect but increased the 
risk of hypotony. Cornell also had a higher 
incidence of scleral thinning and corneal 
changes (bullous keratopathy). Center 1 report- 
ed corneoscleral lesions in 37 of 43 cases, 
which accounted for almost 35% of such occur- 
rences in the entire study. This center placed 
lesions closer to the cornea than the 2 to 3 mm 
recommended by the study protocol. 

Visual acuity—Changes in visual acuity in 
Snellen lines were evaluated at one, three, six, 
and 12 months after treatment. The results 
showed that approximately 173 of 863 patients 
(20%) demonstrated a decrease in visual acuity 
of two or more lines at each interval; visual 
acuity in 615 patients (71%) stayed the same; 
and 75 patients (9%) showed an improvement 
of two or more Snellen lines. 

The causal factors relating to visual acuity 
changes were evaluated by analysis of variance. 
In this analysis, we considered the intraocular 
pressure at each interval and the type and cause 
of the glaucoma. The analysis was made using 
pretreatment visual acuity as a control variable. 
This was necessary since a patient with good 
visual acuity was far more likely to have de- 
monstrable sight loss than patients with poor 
visual acuity. 


~ 
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TABLE 2 
VARIATION OF SINGLE-TREATMENT SUCCESS RATES 
AMONG TREATMENT CENTERS 





SIX-MONTH SUCCESS* COMPLICATION 


CENTER i 2 

Cornell 242 74.2 0.425 
1 43 44.7 2.047 
2 39 42.5 0.231 
3 117 67.5 0.111 
4 53 45.9 0.113 
5 16 53.4 1.562 
6 29 16.9 0.931 
7 25 45.2 0.120 
8 101 58.4 0.287 
9 120 53.5 0.708 
10 4 50.0 0.500 
11 15 38.9 0.400 
12 22 81.3 0.182 
13 17 32.4 1.118 
14 66 46.3 1.167 
15 62 26.7 0.984 
16 21 48.5 0.381 
17 8 12.5 1.000 
18 8 37.5 1.500 
19 71 33.5 0.253 


*Success was Classified as intraocular pressure of 6 to 25 
mm Hg. 


The mean results, summarized in Figure 3, 
show that decreases in visual acuity occurred in 
eyes that were hypotonous or had uncontrolled 
intraocular pressure. Eyes with congenital and 
secondary closed-angle glaucoma appeared to 
be the glaucoma types that most consistently 
lost visual acuity. These features support the 
hypothesis that decreased visual acuity is relat- 
ed to treatment failure rather than the treat- 
ment itself. Among the secondary glaucomas, 
eyes with neovascular glaucoma tended to 
show decreased visual acuity, which, because 
of the higher failure rate and possible progres- 
sion of the underlying disease state, is also 
consistent with this hypothesis. 

Patient discomfort—Patient discomfort was 
classified into one of four groups: none, mild, 
moderate, or severe. The results are plotted in 
Figure 4. At two to five hours immediately after 
treatment approximately 155 of 445 reports 
(35%) indicated mild discomfort, and 40 re- 
ports (9%) indicated moderate to severe dis- 
comfort. At the end of the first week, only 124 
of 685 reports (18%) indicated mild discomfort 
and 24 reports (3.5%) indicated moderate or 
severe discomfort. 
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Fig. 3 (Silverman and associates). Mean changes in 
visual acuity (AVA) in Snellen lines, controlling for 
pretreatment visual acuity. Top, Effect of intraocular 
pressure (IOP) after treatment. Middle, Visual acuity 
changes in relation to glaucoma type. Bottom, Visual 
acuity changes in relation to secondary glaucoma 
classifications. 


Complications—Complications were catego- 
rized as either technical or method-related. 
Corneoscleral lesions and eyelid burns were 
considered technical complications since they 
are caused by misdirection of the beam or 
patient movement. 

The technical complications included corneo- 
scleral lesions in 106 eyes and eyelid burn in 16 
eyes. The method-related complications in- 
cluded the following: mild iritis (210 eyes); 
moderate iritis (70 eyes); severe iritis (four 
eyes); mild uveitis (28 eyes); moderate uveitis 
(14 eyes); severe uveitis (one eye); phthisis 
bulbi (12 eyes); ruptured conjunctivitis (seven 
eyes); hemorrhaged conjunctiva (12 eyes); con- 
junctivitis (two eyes); corneal edema and kera- 
topathy (30 eyes); keratitis (four eyes); scleral 
thinning (16 eyes); staphyloma (eight eyes); 
scleral perforation (four eyes); flat anterior 
chamber (four eyes); hyphema (three eyes); 
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pupillary block (three eyes); ciliary body hem- 
orrhage (two eyes); iris rubeosis (four eyes); 
cataract (15 eyes); vitreous hemorrhage (one 
eye); vitreitis (one eye); cystoid macular edema 
(two eyes); macular membrane (one eye); reti- 
nal detachment (one eye); and choroidal effu- 
sion or detachment (eight eyes). 

Complications were counted on the basis of 
occurrence rather than incidence. For example, 
in a case where corneal edema was reported at 
one week and at one month posttreatment, the 
complication was counted as having occurred 
once. In cases of iritis and uveitis, where the 
complication was graded from mild to severe, 
the most severe occurrence was counted. Any 
number of different complications may have 
been counted by occurrence for each case. 

Corneoscleral lesions occurred in more than 
9% of treatments. This complication results 
from placement of the focal zone too close to 
the corneoscleral limbus. Of the 106 occurrenc- 
es of this complication, 37 took place at a single 
participating center (Center 1). Excluding the 
results of this treatment center would give an 
occurrence rate of 6.4%. 

The most common medical complication was 
iritis. This was generally mild and similar to 
that noted after laser or cyclocryotherapy. As 
such, it was generally easily controlled with 
topical corticosteroids. By three months post- 
treatment, the incidence of iritis decreased to 
3.7% from 24% at one day posttreatment. 

Sixteen cases of scleral thinning, eight staph- 
ylomas, and four scleral perforations occurred 
during the course of the study for an aggregate 
occurrence of 2.5%. Half of the cases of scleral 
thinning or staphyloma occurred at Cornell, 
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Fig. 4 (Silverman and associates). Patient 
discomfort (none, mild, moderate, or se- 
vere) expressed as percentile of reports at 
specified intervals after treatment. 


1 Year 


although no cases of perforation occurred at 
this center. Posttreatment bullous keratopathy 
and corneal edema were usually transient and 
corresponded, in part, to increased intraocular 
pressure posttreatment. 

In 12 eyes, a previous cataract worsened; in 
three others, a cataract developed subsequent 
to treatment. Cataract progression was most 
often correlated with occurrence of hypotony. 
The incidence of hypotony, defined as intraocu- 
lar pressure less than or equal to 5 mm Hg, 
ranged from 2.2% to 5.4% between one month 
and one year after treatment. Most cases were 
transient, with phthisis bulbi occurring in 1.2% 
of treatments. 

Changes in medication—The study protocol 
specified that patients were to continue taking 
glaucoma medication at their physician’s dis- 
cretion subsequent to treatment. Medications 
were divided into four groups: beta-blockers, 
carbonic anhydrase inhibitors, epinephrine 
preparations, and miotics. For each medication 
group, a point system was used to rate the 
effective daily dosage based on the strength of 
the medication and the frequency of use. 

Among successfully treated cases, medica- 
tion level, as a whole, was reduced by 19.9% 
and 28.6% at three and 12 months, respective- 
ly. In contrast, among failures, medication was 
decreased by only 3.4% and 6.4% at three and 
12 months, respectively. Beta-blockers showed 
a decrease of about 10% after one month. The 
level of carbonic anhydrase inhibitors de- 
creased with time, with a 50% reduction at one 
year. A similar pattern was observed for epi- 
nephrine preparations, which registered a 45% 
reduction at one year. Miotics showed a 20% 
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tire year. 





Discussion 





High-intensity focused ultrasound is the only 
nonmedicinal glaucoma treatment to be evalu- 
ated in a prospective multicenter clinical trial 
under the Food and Drug Administration inves- 
tigational device and premarket approval proc- 
ess. Although the ultimate place of focused 
ultrasound in the armamentarium of glaucoma 
procedures awaits further clinical experience, 
this study demonstrates the safety and efficacy 
of the procedure, and more generally the use- 
fulness of focal lesion-producing techniques as 
a means of treating glaucoma. 

Three factors are of paramount importance in 
the diagnosis and management of glaucoma: 
increased intraocular pressure, visual field ab- 
normalities, and pathologic optic nerve cup- 
ping. Visual field changes and optic nerve cup- 
ping were not used as efficacy criteria in this 
study because most of the enrolled patients had 
advanced glaucoma with poor visual acuity and 
advanced disk cupping. Monitoring of intraoc- 
ular pressure was considered the most objective 
measure of efficacy. 

We have previously reported a 60% one-year 
success rate for 137 single treatments at Cornell 
with successful intraocular pressure control de- 
fined as being in the 6- to 25-mm Hg range.” 
Using the same standard in this report, we 
show a 58.5% success rate on 242 cases. 

For the study as a whole, the single-treat- 
ment, one-year success rate of 42% was signifi- 
cantly lower than Cornell’s success rate. This 
can be attributed to two factors: the Cornell 
center tended to treat patients with more appli- 
cations (which resulted in both a greater intra- 
ocular pressure lowering effect and a conse- 
quent higher incidence of hypotony and scleral 
thinning), and operator experience. The first 
factor is supported by the observation that the 
primary difference between the success rates of 
Cornell and the rest of the study occurred 
immediately after treatment. After one month, 
the rate of decrease of the success percentage in 
the survival curves was virtually the same for 
both groups. The second factor is supported by 
the observation that the centers with the most 
cases tended to have the highest success rates. 
The three study centers with the most experi- 
ence, such as Cornell, have mean success dura- 
tions for a single treatment of over one year. 


A realistic assessment of therapeutic ultra- 
sound as a treatment modality must include 
retreatment. It is apparent that the risk:benefit 
ratio is optimized by using six to seven applica- 
tions per session and retreating when neces- 
sary, using ultrasound in fractional applica- 
tions, as in certain types of laser therapy such 
as argon laser trabeculoplasty or panretinal 
photocoagulation. With retreatment, we find an 
84% success rate with 6 to 22 mm Hg as the 
success criterion. Retreatment of failed cases is 
a viable course because of the following: the 
procedure is performed on an outpatient basis; 
it has high patient acceptance because of the 
minimal patient discomfort; retreatments have 
success rates comparable to initial treatments; 
the complication rate is low; and treatment 
does not preclude later ultrasonic or surgical 
treatment near the application sites. 

The most common technical complication 
was formation of corneoscleral lesions. These 
occurred as a consequence of patient move- 
ment because of incomplete anesthesia or 
placement of the beam too close to the corneo- 
scleral limbus. The frequency of technical 
complications tends to decrease with operator 
experience. 

Although ultrasound is capable of causing an 
immediate cataract if intentionally aimed at the 
lens, this complication was not reported during 
the course of the study. As has also been noted, 
ultrasound can damage intraocular lenses or 
their haptics” if applied directly. Although nu- 
merous pseudophakic eyes were treated during 
the course of this study, there were no reports 
of intraocular lens damage. 

Phthisis bulbi and scleral thinning were cor- 
related with the number of applications. Since 
the number of applications also correlates with 
success rate, the decision on how vigorously to 
treat a given patient involves analysis of a 
risk:benefit ratio. The treatment protocol for 
this study specified six applications per treat- 
ment. This decision, based on earlier experi- 
ence at Cornell and at Center 1, resulted in far 
lower incidences of phthisis bulbi and scleral 
thinning, as compared to Cornell, but at the 
same time resulted in a lower success rate. The 
higher incidence ef scleral thinning in children 
than in adults seems to be related to a differ- 
ence in juvenile compared with adult collagen. 
Thus, children, who also have a lower success 
rate, are generally less suitable candidates for 
this therapy. 

The study protocol required the recording of 
data at two to five hours after treatment, but at 
the time the protocol was designed, the dynam- 
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ics of intraocular pressure change immediately 
after treatment were not well understood. At 
two to five hours after treatment, only 18% of 
patients enrolled in the multicenter study 
showed an intraocular pressure increase of 
more than 5 mm Hg. We now know that by two 
hours after treatment, intraocular pressure is 
already on the descending part of the posttreat- 
ment pressure curve. Although the protocol did 
not require pressure observations before two to 
five hours posttreatment, several centers re- 
corded intraocular pressure starting immedi- 
ately after treatment. These reports indicate 
that substantial intraocular pressure increases, 
usually lasting less than an hour, may occur 
immediately after therapy. We therefore now 
recommend that patients, especially those with 
marginal visual function, be carefully moni- 
tored immediately after treatment. Those cases 
showing a substantial intraocular pressure in- 
crease can be treated with an acetazolamide 
injection, a mannitol infusion, or paracentesis. 
Many clinicians advocate paracentesis in all 
aphakic or pseudophakic eyes. Posttreatment 
intraocular pressure increase is not a unique 
sequela of ultrasound but may follow any high- 
energy (laser or ultrasound) or heat (diathermy) 
therapy, because of contraction or shrinkage of 
the sclera. 

Several mechanisms have been suggested as 
the mode of action for therapeutic ultrasound 
in glaucoma therapy." These include the fol- 
lowing: decreased inflow by either direct cilio- 
destruction or indirect ciliodestruction through 
damage to the vascular supply of the ciliary 
body; increased outflow through the trabecular 
meshwork caused by pulling of the contracted 
sclera upon the ciliary body; direct outflow 
through the atrophic pars plana and thinned 
sclera; uveoscleral outflow from the anterior 
chamber through loosened stromal connective 
tissue of the ciliary body and thinned sclera 
(minidialysis clefts) (Francoise Valtot, oral 
communication, 1990); and an ocular irritative 
response.” Evidence for these mechanisms de- 
pends largely on histologic evaluation and aq- 
ueous fluorophotometry and, to some extent, 
remains controversial. Although all of these 
mechanisms might make some contribution to 
the intraocular pressure lowering effect, cilio- 
destruction and formation of minidialysis clefts 
seem the simplest explanations for prolonged 
intraocular pressure reduction. On this as- 
sumption current studies are now investigating 
the effect of setting the focal point 1 mm deeper 
than the scleral surface. This may have the dual 
effects of both producing increased ciliode- 


struction and cleft formation while reducing 
the incidence of undesirable scleral changes. 

Ultrasound has also been used for restoration 
of failed trabeculectomy filtering blebs.” In this 
procedure, one to three applications are made 
on and adjacent to the sealed bleb. Local heat- 
ing appears to break the collagen fibers that 
have closed the bleb. In this case, because the 
mechanism of this procedure is based upon 
scleral changes, we continue to place the focal 
point on the scleral surface. Restorations of 
failed blebs were excluded from the current 
study. 

Glaucoma procedures that act primarily 
by ciliodestruction include cyclocryotherapy, 
transscleral cyclophotocoagulation, transpu- 
pillary cyclophotocoagulation, and intraocular 
cyclophotocoagulation using the endoscopic or 
transpupillary visualization technique. The two 
techniques that bear the closest resemblance to 
therapeutic ultrasound are cyclocryotherapy 
and transscleral Nd:YAG cyclophotocoagula- 
tion. 

Although cyclocryotherapy is effective in 
lowering intraocular pressure in eyes with re- 
fractory glaucoma, it is usually accompanied by 
a relatively high incidence of phthisis bulbi, 
progression of visual acuity loss to no light 
perception, and extreme discomfort. Cyclocry- 
otherapy, therefore, has been and remains a 
procedure of last resort. Use of transscleral 
Nd:YAG cyclophotocoagulation, like ultra- 
sound, involves treatment at 2 to 3 mm from the 
corneoscleral limbus while the eye is under 
retrobulbar block. Because the focal point of the 
laser is narrower than the focus of the ultra- 
sound beam (approximately 0.07 mm vs 0.4 
mm), greater numbers of applications must be 
made during treatment. Typically, between 30 
and 40 applications are made over 360 degrees 
(as compared to approximately six applications 
for ultrasound). Retreatment may be performed 
if control of intraocular pressure is not main- 
tained. 

Several small studies (30 patients or less) 
describing the use of transscleral Nd:YAG laser 
have been reported.'*”® These studies indicated 
multitreatment success rates of 55% to 86%, 
using varying intraocular pressure thresholds, 
with mean follow-up of three to nine months. A 
study involving 100 patients reported a 51% 
single-treatment success rate and a 65% multi- 
ple-treatment success rate at six months after 
treatment, in which success was defined as 
intraocular pressure of 7 to 20 mm Hg." These 
results are comparable to the six-month, single, 
and multiple-treatment success rates of 49% 
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and 84% at 6 to 22 mm Hg reported in this 
study. The incidence of serious complications 
reported in these studies’*"’ appears higher 
than reported for therapeutic ultrasound. The 
study by Hampton and associates," the largest 
of the studies, reported decreased visual acuity 
(more than two Snellen lines) in 47% of suc- 
cessfully treated cases. Other complications in- 
cluded posttreatment intraocular pressure in- 
crease, hypotony, and inflammation. 

Many techniques are now available for the 
treatment of refractory glaucoma. To date, more 
than 2,000 eyes have been treated in the United 
States and Europe’ with high-intensity fo- 
cused ultrasound. This technique proved to be 
at least as effective and considerably less trau- 
matic than cyclocryotherapy, and it seems to be 
comparable, if not preferable, to transscleral 
photocoagulation, in terms of success rate and 
complications. Additionally, the technique is 
useful in restoring failed filtering blebs. 

High-intensity focused ultrasound is one of 
the most extensively tested and documented 
forms of therapy for the treatment of glaucoma 
other than drug therapy. The design and pop- 
ulation size of our study have allowed the 
documentation of prognostic indicators and 
determination of the safety and efficacy of a 
well-defined treatment protocol. These data 
provide a benchmark for the evaluation of ul- 
trasound protocols applied to a broader, nonre- 
fractory glaucoma population, and for all forms 
of externally applied focal lesion procedures 
for the treatment of glaucoma. 
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OPHTHALMIC MINIATURE 
That is also why I tend, unjustly, to be impatient with social scientists, 
who struggle to make sense of large bodies of observational and experimen- 
tal data not yet reducible to neat little nuggets of knowledge. And it is also 
why in my own field I am not an eager seeker of information. I like to 
operate with only a fraction of the enormous accumulation of knowledge. 
When I open a new issue of a scientific journal I do not scan the table of 
contents looking for exciting novelty; on the contrary, I hope that here will 
be nothing in it that I must read. I once mentioned this fear of input to Al 
Hershey, who replied that everyone felt more or less as I did, but I was the 

only one arrogant enough to admit it. Maybe so. 
S. E. Luria, A Slot Machine, A Broken Test Tube 
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A Physical Analysis of the Factors That Determine the 


Contour of the Iris 


James S. Tiedeman, M.D. 


By solving equations that result from the 
application of basic newtonian physical prin- 
ciples, I developed a model that can predict 
the profile of the iris by using only the pupil 
radius, the iris root radius, and the anterior 
displacement of the pupil from the iris root. 
The model requires some theoretically and 
clinically reasonable assumptions regarding 
the relative importance of forces acting on the 
iris. Former analyses made false assumptions 
about contact between the lens and the iris, as 
well as inappropriate substitution of the 
physical concept of force for tension. The 
validity of the new model and its inherent 
assumptions can now be tested with biometric 
measurements made in normal eyes and eyes 
with shallow anterior chambers. 


Tue contour OF THE IRIS as it relates to the 
phenomenon of angle closure and the concept 
of pupillary block has been the subject of much 
interest and subjective description.” Attempts 
to describe the conditions physically and math- 
ematically** have involved incorrect usage of 
the physical concepts of force (a vector quanti- 
ty) and tension (a scalar quantity). 

The model I developed starts with the funda- 
mental concepts of newtonian physics together 
with some reasonable assumptions regarding 
the physical properties of iris tissue. These 
assumptions are that the iris is a pliable dia- 
phragm of negligible thickness supported firm- 
ly only along its outside circumference (the iris 
root), and that the forces acting within and 
upon the iris are produced by the following: the 
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radially oriented dilator muscle fibers; the iris 
sphincter muscle; hydrostatic pressure acting 
from behind the iris (P,.); hydrostatic pressure 
acting from in front of the iris (P,.); and the 
force exerted upon the iris root keeping it an- 
chored in position. The model further assumes 
that there is no force of interaction between 
adjacent dilator fibers (elastic coupling) within 
the substance of the iris, and that there is axial 
symmetry about a line normal to the pupillary 
plane through the center of the pupil. 


Material and Methods 


To understand the model it is first necessary 
to understand the concept of a pressure relief 
valve (Fig. 1). This valve is simply a flap large 
enough to cover completely an opening of area 
A and held closed by a spring exerting a (vec- 
tor) force F, keeping the flap in the closed 
position. If a fluid enters the chamber, the 





= Fow In 


Fig. 1 (Tiedeman). Model of pressure relief valve. 
Fluid enters the chamber and is released when the 
pressure reaches that required to lift occluding cover, 
allowing escape of fluid. 
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pressure (P) will increase. There will be no 
escape of fluid, however, until P = F/A. When 
the pressure reaches this value the occluding 
flap can open and allow fluid to escape. As long 
as the rate of fluid flow is low the pressure in the 
chamber will be maintained at P = F/A. 

In a similar fashion the pressure in the poster- 
ior chamber is determined by iris forces. The 
pressure in that compartment will be only the 
amount required to lift the iris gently off the 
anterior lens surface, allowing escape of aque- 
ous from the posterior chamber into the ante- 
rior chamber around the pupillary margin. 
Note that the lens itself is not in contact with 
the iris and exerts no direct force on it under 
normal circumstances. Across the entire surface 
of the iris there is a pressure difference (P) 
between the posterior and anterior chamber, P 
i Pgs 

Consider now a unit segment of iris that will 
be defined as a wedge of tissue including a 
dilator muscle fiber and a sector of iris sphincter 
(Fig. 2). Let a = radius of pupil; b = radius of 
iris root; and z = anterior displacement of the 
plane of the pupil from the plane of the iris 
root. Define p as the number of such segments 
per radian of iris. Looking at one such unit 
segment in cross section (Fig. 3), define t as the 
tension exerted by the dilator muscle fiber. 
Note that this tension must be uniform along 
the entire strip and therefore exerts the same 
pull at both ends. At the pupillary margin the 
tension (t) is balanced by the pupillary sphinc- 


Ho mcc 
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Z 
pad 





unit segment 


Fig. 2 (Tiedeman). Unit segment of iris shown with 
projection of area in anterior and radial directions. 


t= tension f 





[fl=t 


Fig. 3 (Tiedeman). Cross section of iris unit seg- 
ment showing forces acting at the end points and 
pressure acting along the length of the segment. 


ter muscle, which acts to pull only in a radial 
direction (with no anteriorly or posteriorly di- 
rected components). At the other end of the 
strip a force is exerted by the iris root as a vector 
quantity, f, with the same magnitude as t and in 
the direction of the angle of iris takeoff from the 
iris root. Define the angle of iris takeoff as 9. 

The force supplied by the iris root can be 
resolved into an anteroposterior component 
equal to f sin O, anda radial component f cos O. 
The anterior force acting on the unit strip is the 
pressure, P, times the equivalent frontal area of 
the iris, (b° — a*)/2p. Note that this area is 
independent of the actual contour of the iris 
(Fig. 2). Therefore, 


fsin O = P(b’ — a") /20 (1) 


Similarly, the radial component of force is P 
(pressure) multiplied by the equivalent surface 
area projected in a radial direction (Fig. 2). This 
projection is complicated because the equiva- 
lent area is dependent upon the shape of the iris 
contour. For the purpose of calculating the 
radially projected area only, the model makes 
the initial assumption that the shape is closely, 
but not ideally, approximated by a function of 
the form, 


y = z — 2[(r-a)/(b-a)]’ (2) 


Define y as the anterior displacement from the 
iris root plane of a point along the iris contour 
and r as the radial distance of that point from 
the center of the pupil. The equation describes a 
parabola when n = 2, a straight line when n = 
1, and the like. The radially projected area then 
becomes 


A = z(nb + a)/p(n +1) (3) 


The radial component of force at the iris root (f 
cos O) must therefore equal the radially direct- 
ed force caused by pressure, P, minus the force 
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acting in the opposite direction supplied by the 
iris sphincter muscle, which gives 


f cos O = [Pz(nb + a)/p(n + 1)] -f (4) 
The Pythagorean theorem gives 
f?sin?@ + f2cos’?O = f? (5) 


Squaring Equations 1 and 4 and substituting 
into Equation 5 yields 


—  8pfz(n+1)(nb+a) 
p 8pfz(n+1)(nb+a (6) 


7 [(n+1)*(b?—a*)*+4z*(nb+a)*] 


Substituting this quantity for P into Equation 1 
gives 


4z(n+1)(nb+a)(b*-a? 


(n+ 1)*(b?—a?)?+42z*(nb+a)" (7) 


sin 9 = 


or 


cam ae 
o = sin" 4z(n+1)(nb+a)(b*—a l (8) 


(n+1)’(b?—a?)?+4z?(nb +a)? 


Note that this angle depends only upon the 
pupillary radius (a), the iris root radius (b), 
the anterior displacement of the pupil (z), and 
the value of n, but does not depend upon p or P. 

Because 9 in Equation 8 is dependent upon n 
(from the approximation to the iris contour 
made in Equation 2), it is not solvable in closed 
form since n must also ultimately depend upon 
O. Because O is not strongly dependent upon n, 
it is possible to start with an arbitrary n and 
calculate a first approximation to O. That ap- 
proximate O can then be used to determine a 
new and more nearly correct value of n because 
from Equation 2, when r = b, 


© = arctan |dy/dr| = arctan (nz) (9) 
or 
n = (tan O)/z 


The calculation can be repeated using the new- 
ly calculated n to yield a more precise second 
approximation. With computer iteration, this 
process is repeated until the unique solution 
that satisfies the condition of n in Equation 2 
predicting the same angle O as Equation 8 is 
calculated. The entire iris profile can be predict- 
ed in a second series of iterative steps. Once the 
angle © is found, a small change in radial 
position, 8, can be multiplied times the tangent 
of the angle © to obtain a new set of starting 
coordinates. The new angle © in this position 
can be found and the entire cross section can be 
calculated in stepwise fashion with a high pre- 
cision if 8 is kept suitably small. 


That the angle O is independent of P may not 
be intuitively obvious, but it is mathematically 
predictable. For example, if the pupil remains 
the same size while the dilator and sphincter 
muscles both increase their respective tones by 
a factor of two, the effect on pressure, P, must 
also be a first order one. P would therefore 
increase by a factor of two and the contour 
would not change. The iris contour in the 
unique case of a peripheral surgical iris colobo- 
ma is not predicted by the model, because in 
that case there is no pressure difference, P, 
between posterior and anterior chamber, and 
the iris rests directly on the lens surface and 
assumes a Straight line from its most peripheral 
point of contact with the lens to the iris root. 
This theoretical prediction has been observed 
empirically.’ 


Results 


To calculate the complete iris contour, I wrote 
a computer program in IBM BASIC to perform 
the two necessary independent iterative ap- 
proximations. The program starts with an arbi- 
trary n and then calculates O using Equation 8. 
It then compares the angle O with that of the 
simple contour of Equation 2 and increases nin 
incremental steps until these angles are equal. 
The assumption is then made that this is an 
extremely close approximation to the actual 
curve at this location, and the first iteration 
stops. 

The angle of tangency to the iris surface at 
any point along the iris contour can be calculat- 
ed using that point as the new coordinate of a 
presumed iris root equivalent. The program 
starts at r = b and calculates O. It then makes a 
small increment, ð, in r and calculates the y 
coordinate at the end of that increment as 


y = y, + ô tan O (10) 


Define yas the starting value of y. The new r 
and y coordinates at the end of this increment 
become the new iris root equivalent, and the 
process is repeated until r = a. 

To check the validity of the approximations 
inherent in using steps of finite size, the pro- 
gram can be run with any increment in r being 
chosen. The calculated coordinates actually ob- 
tained differ by only a few parts in 10° if 
increments of one-thousandth of radius b are 
compared with steps one-tenth smaller. 
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Fig. 4 (Tiedeman). Representative iris contours 
with the iris root insertion at 4.5 mm, a 1.5-mm pupil 
radius, and various anterior displacements of the 
pupillary plane. 


Figure 4 depicts a family of iris contour 
curves obtained by holding constant the values 
of pupil radius (a) and iris root radius (b) and 
varying the anterior displacement of the pupil 
(z). Another family of curves is shown in Figure 
5. The iris root radius (b) and anterior displace- 
ment of the pupil (z) are kept constant, and the 
pupillary radius (a) is varied. 


Discussion 


Previous attempts to analyze mathematical- 
ly*’ the factors that determine the degree of 
relative pupillary block have made serious er- 
rors in physical principles. These errors invali- 
date the conceptual arguments set forth. Map- 
stone’ described what he incorrectly called a 
force along the dilator muscle. Force is a vector 
quantity acting at a point, having magnitude 
and direction. What he described is more cor- 
rectly termed tension along the dilator muscle. 
Tension along a contour cannot be resolved into 
simple components connecting the end points, 
as his analysis incorrectly attempted to do. 

My model does not specifically attempt to 
solve for the difference in pressure between the 
posterior chamber and the anterior chamber, 
inherently linked to the concept of pupillary 
block. Indeed, there is in all physiologic config- 
urations of the normal anterior chamber a de- 
gree of blockage of flow from the posterior to 
the anterior chamber. This block or resistance 
to flow will certainly be greater at any given 
pupil size if the contractions of the sphincter 
and dilator muscles are increased. However, as 
long as the force acting between fibers (that is, 
the elasticity of the iris stroma) is negligible 
compared to that exerted by the muscles, only 
pupillary size and anterior displacement of the 
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Fig. 5 (Tiedeman). Representative iris contours 
given a fixed anterior pupil displacement of 1.0 mm, 
the iris insertion at 4.5 mm, and various pupil diame- 
ters. 


pupil will uniquely define the contour of the iris 
surface. To the extent that this assumption is 
not valid, this model would predict a greater 
bowing forward of the iris than actually occurs. 
This error would be most significant at those 
places with the smallest predicted radius of 
curvature of the surface, because it is at these 
places that the adjacent dilator fibers would be 
most separated and the interfiber or stromal 
elasticity would be most significant. The more 
peripheral iris points would therefore be pre- 
dicted as more anteriorly displaced than their 
true position. The magnitude of the error would 
be less if the sphincter and dilator tones were 
increased at a given pupil radius. 

Another difficulty in actually verifying the 
validity of the model is that the iris is not the 
infinitely thin surface it is assumed to be in 
the calculations. There is greater thickness near 
the pupillary margin caused by the sphincter 
muscle that must be taken into account. 

This model relates directly to the clinical 
situation of angle closure. If the angle that the 
trabecular meshwork makes with the plane of 
the anatomic angle of the eye is less than the 
angle of takeoff of the iris from the iris root 
(angle O), the trabecular meshwork would be 
occluded by the iris. This occurs with greater 
likelihood for greater values of z at any pupil 
size (Fig. 4). The effect of dilation for a fixed 
value of z is that increasing dilation will always 
increase O (Fig. 5). It must be kept in mind, 
however, that because of the anterior lens sur- 
face contour, the distance z decreases as the 
pupil dilates. If the decrease in z that occurs 
with increasing pupil diameter is taken into 
account, the model predicts that the mid-di- 
lated pupil will produce the largest O. Figure 6 
depicts a hypothetic anterior lens surface con- 
tour and three different pupillary sizes. At each 
pupillary radius the computer routine was used 
to generate the resultant iris contour, and these 
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contours are plotted. It becomes apparent, 
therefore, that in the shallow anterior chamber 
the greatest risk of angle closure is correctly 
predicted to occur in mid-dilation. 

BASIC computer program—This program, 
written in IBM BASIC (Fig. 7), first requests 
input of the parameters a (pupil radius), b (iris 
radius (Mm) root radius), z (anterior displacement of the 
pupil plane from the iris root plane), and n (an 
arbitrary starting point for the calculation) in 





Fig. 6 (Tiedeman). Representative iris contours at 
three pupil diameters when the anterior displace- 


ment of the pupil is determined by the lens contour. lines 10 through 421. It then calculates the 
The steepness of insertion at the iris root (angle O) is angle THETA using Equation 8 (lines 501 
greatest for the mid-dilated pupil. through 585) and compares the calculated THE- 
1 LPRINT 

2 LPRINT 

3 LPRINT 

4 C = 100 

10 PRINT "n="; 

20 INPUT N# 


25 LPRINT "n= "N# 
100 PRINT "a="; 

200 INPUT A# 

250 LPRINT "a= "A# 

300 PRINT "b="; 

400 INPUT B# 

405 LPRINT "b= "B# 

410 PRINT "z="; 

420 INPUT Z# 

421 LPRINT "z= "Z# 

422 KEEP = N# 

500 PRINT "N=" N# 

501 TOP# = 4#*(N#+1#) * (N#*BH+A#) * (BHE*BH-AF*AF#) *ZF 
502 BOT# = (N#+1#) *(N#+1#) * (BH¥*BH-A#*AF) * (BEX BH-AF*AH) +44#*ZHE*ZH* (NF*BHE+AH) * (NF#*B 
#+A#) 

553 SINE#=TOP#/BOT# 

560 COSSQ#=1#-SINE#*SINE# 

570 COSI#=SQR(COSSQ#) 

580 TANG#=SINE#/COSI# 

585 THETA#=ATN (TANG#) *45#/ATN (1#) 

900 PRINT "theta =" THETA#; 

910 PRINT "b= " B#; 

920 PRINT "z= " Z# 

921 TEST#=ATN ( (N#*Z#) / (BH-A#) ) *45#/ATN (1#) 
922 PRINT "TEST=" TEST# 

923 IF TEST#<THETA# THEN GOTO 7000 

924 IF C<10 GOTO 999 

950 LPRINT "R= "B#; 

951 LPRINT "z= "Z#; 

952 LPRINT "theta ="THETA#; 

953 LPRINT "n= "N# 

954 C=0 

999 C=C+1 

1000 B#=B#-(.1#) 

1050 IF B#<A# THEN STOP 

1100 Z#=Z#-.1#*TANG# 

1200 N# = KEEP 

1250 GOTO 500 

7000 N# = N#+.1# 

12000 GOTO 500 


Fig. 7 (Tiedeman). Computer program written in IBM BASIC used to calculate iris contour. 
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TA with the slope of Equation 2 (TEST) as 
determined from the value of n. If TEST< 
THETA the value of n is then raised in fixed 
increments, the size of which are specified in 
line 7000. Once the two are equal this iteration 
stops and the value of THETA is established for 
the starting point (the iris root). 

The next starting point, or iris root equiva- 
lent, is a decrease from the starting b by the 
increment specified in line 1000. Similarly, a 
new z must then be calculated for this new 
starting point. The decrement in z is equal to 
the incremental change in b times the tangent 
of angle THETA. The new zis then calculated in 
line 1100. This initial iteration is then carried 
out for the new starting point until the angle 
THETA associated with that point is deter- 
mined. 

Because there can be thousands of such 
points calculated, a skip routine is incorporated 
to economize printout paper and allows every 
tenth or hundredth or any number of skipped 
calculations between printed outputs. The skip 
interval is chosen in line 924. 

All calculations are made in double precision 


and the BASIC/D option must be chosen at 
startup of the BASIC mode. 
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OPHTHALMIC MINIATURE 
His left eye closed involuntarily, a twitch that had developed when he 
was eight years old and afraid of horses, something his father did not 
condone. She watched, fascinated, as the eyelid slowly opened again and 
his pupil readjusted itself after a momentary wandering. 
Elizabeth Winthrop, In My Mother’s House 
New York, New American Library, 1989, p. 40 
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The Physiologic Characteristics of Relative Pupillary Block 


i 


Douglas R. Anderson, M.D., Jai Chi Jin, M.D., and Martha M. Wright, M.D. 


In biometric photographs of 13 patients, we 
quantified the iris contour in eyes with central 
anterior chamber depths ranging from 1.9 to 
3.4 mm (epithelium to lens surface). This actu- 
al profile was compared to that predicted by a 
theoretical analysis of the forces acting on the 
iris. The average discrepancy between the cal- 
culated actual and the theoretically predicted 
iris position was only —0.01 to +0.03 mm. The 
close agreement validates the model under 
normal conditions and in the presence of rela- 
tive (nonsynechial) pupillary block. The theo- 
retical iris shape may not occur under condi- 
tions that violate the underlying physical 
assumptions of the mathematical model, such 
as when iridectomy eliminates the pressure 
difference between the anterior and posterior 
chamber or when synechiae introduce addi- 
tional forces on the iris other than the ones 
included in the analysis. 


To wHaTEVER DEGREE there is resistance to flow 
of aqueous humor through the space between 
the iris and lens (relative pupillary block), a 
pressure difference develops between the pos- 
terior and anterior chambers. The pressure dif- 
ference lifts the iris off the lens surface, which 
allows aqueous flow sufficient to produce a 
balance between the increased posterior cham- 
ber pressure and the resistance to flow into the 
pupillary passage. 

From basic physical principles, Tiedeman' 
constructed a mathematical model of this equi- 
librium condition. Although the anterior bulge 
in the iris contour is produced by the posterior 
chamber pressure balancing the iris sphincter 
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tone, a consequence of the model is that once 
these forces have determined the pupil margin 
plane at equilibrium, the iris contour can be 
calculated without knowing either the sphinc- 
ter tone or the transchamber pressure differ- 
ence. The contour in an iris sector is con- 
strained to a predictable shape, by a given 
position of the iris root attachment and the 
pupil margin, in relation to each other and in 
relation to the pupillary axis. 

We developed a biometric method that 
allowed a true optical cross section of the ante- 
rior chamber to be obtained by correcting a 
photographic image for the displacement ef- 
fects caused by viewing the iris through the 
cornea.” We compared our calculated actual iris 
position to the theoretical position predicted 
from Tiedeman’s model in 13 patients. Two 
patients had normal eyes with relatively flat iris 
contours. The other 11 patients with centrally 
shallow anterior chambers and narrow or 
closed anterior chamber angles were studied to 
offer the greatest challenge to the validity of the 
model. The close agreement that we found 
serves both to confirm the accuracy of our 
optical correction method and the applicability 
of Tiedeman’s mathematical model to living 
human eyes. 





Subjects and Methods 





We studied 11 patients with narrow anterior 
chamber angles in association with shallow 
anterior chambers. We also studied two sub- 
jects with normal eyes. The study protocol was 
approved in advance by the University of Mi- 
ami Institutional Review Board. All subjects 
documented in writing that they consented to 
participate after being informed about the na- 
ture of the study. Biometric photographs were 
taken in a manner described previously.” In 
brief, optical cross sections of eight anterior 
segment meridians were photographed with a 
rotating slit-lamp camera that used the 
Scheimpflug principle to focus the entire length 
of the slit beam on the film plane. Correction of 
the image was made to compensate for the 
distortion produced by the tilted film plane and 
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for the optical effect of the cornea with a slight- 
ly simpler procedure’ than the one used in the 
original description.” 

Some of the subjects were also included in a 
report comparing iris contour before and after 
iridotomy,’ but in the present study only images 
obtained before iridotomy were used. Addi- 
tional subjects with narrow angles had not 
been part of the previous study and only had 
photographs taken before an iridotomy. Two 
other subjects with normal anterior chamber 
depths were recruited. They had no previous 
ocular abnormality or evidence of abnormality 
on a clinical examination that included visual 
acuity determination, tonometry, biomicrosco- 
py, and ophthalmoscopy. 

The output of the computerized analysis was 
a quantified representation of the cross section 
of the anterior chamber with the corneal apex at 
the origin of the coordinate system. On the 
printout, the scale was such that 0.5 inch repre- 
sented 1 mm (12.7 enlargement). To satisfy 
the condition that the direction of the iris 
sphincter force must be parallel to the abscissa, 
the computer-corrected images were traced 
(smoothing any minor irregularities in the iris 
surface), and a new coordinate system was 
established with the abscissa tangent to the 
upper surface of the iris at the most anterior 
point on the two leaves of the iris in the optical 
cross section (Fig. 1). The origin was placed on 
the abscissa at the center of the pupil, and the 
ordinate was placed perpendicular to the ab- 
scissa at the origin. On the tracing the most 
peripheral point (point B) on the visualized iris, 
at or near its root, was identified. The distance z 
was measured from point B to the abscissa, and 
the distance b from point B to the ordinate. The 
distance from the ordinate to the edge of the 
pupil (point A) was measured as distance a. All 
distances were measured parallel to the axes 
and were assigned a positive sign. 

From each subject we selected two meridians 
with technically adequate images, which gave 
us 28 sections for analysis. From the measured 
values of a, b, and z, the x, y coordinates of the 
iris contour were calculated in 0.02-mm steps 
horizontally (with every tenth value printed 
out), starting at the iris root (point B, coordinate 
b, z) and ending at the pupil margin (point A, 
coordinate a, 0). The calculation was achieved 
by means of the computer program devised by 
Tiedeman.' In this program, the exponent n is 
found at each point by computerized iteration 
in 0.02 steps until the conditions of two equa- 
tions in Tiedeman’s model are satisfied simulta- 


mid pupil 
axis 








AC depth y-coordinate at R=-3mm distance 


from pupil axis 


Sia 










Fig. 1 (Anderson, Jin, and Wright). Diagram of 
coordinate system for distance y vs radial distance R, 
Superimposed on an optical cross section of the 
anterior chamber. On the left, the presumed loca- 
tions of the posterior iris surface and lens surface 
behind the iris are shown as a dotted line. On the 
right, only the anterior iris and lens surfaces, as seen 
in the photograph, are drawn. The position of points 
A (extrapolated pupil margin) and B (iris root) are 
indicated, as well as the distances a, b, and z. (AC 
indicates anterior chamber.) 


neously. The slope of the function at that point 
was used to determine the y coordinate of the 
next point 0.02 mm closer to the pupil, and the 
process was repeated. 

The y coordinates theoretically predicted 
were tabulated for the points nearest to 1, 2, 3, 
4, and 5 mm from the pupillary axis. At corre- 
sponding distances from the pupillary axis, the 
actual iris position was measured to the nearest 
64th of an inch (corresponding to 0.03125 mm 
of iris position) with a ruler marked in 32nds of 
the inch. The measurement was made without 
knowledge of the predicted y coordinate. This 
measured actual position was compared to the 
position predicted by Tiedeman’s model. 





Results 





As a typical example, Figure 2 shows the 
close agreement between the observed actual 
iris contour and the predicted iris position in a 
patient with a shallow anterior chamber. As 
shown, the actual iris position was, on the 
average, slightly more anterior than predicted 2 
mm from the pupil but somewhat more posteri- 
or than predicted further toward the periphery. 
Figure 3 shows the iris contour of an individual 
with normal anterior chamber depth. 

As displayed in Table 1, the difference be- 
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Fig. 2 (Anderson, Jin, and Wright). Example from 
an eye with narrow angles, showing the close agree- 
ment of predicted iris position (dots) with the actual 
iris position. 


tween actual and predicted iris position was 
small. Even assuming that the two meridians 
that were used from each individual were inde- 
pendent observations, the discrepancy was not 
statistically significant overall, except at a radi- 
al distance of 2 mm where the iris surface was 
on the average 11 ym (about the diameter of a 
white blood cell) more anterior than predicted. 
Although the discrepancy was small and over- 
all not statistically significant, there was an 
orderly increase in the discrepancy toward the 
periphery. This tendency was statistically sig- 
nificant by repeated-measures analysis of vari- 
ance with orthogonal polynomial test of linear 
trend’ (P = .02). 

In the midregion, but not at the ends where 
iris position was given, there was also an order- 
ly increase in the discrepancy with increase in 
the value for z (the distance between the plane 
of the pupil and the plane of the iris root), 
shown by a statistically significant correlation 
coefficient (Table 2). The discrepancy correlat- 
ed as well with the ratio, z/(b—a) (Table 3). 
Although the distance z was greater in eyes 





ai5_| 2=0.53125 





Fig. 3 (Anderson, Jin, and Wright). Example from a 
normal eye with a deep anterior chamber. The pre- 
dicted iris position (dots) nearly coincides with the 
actual iris contour. 


with smaller anterior chamber depths (r = —.6, 
P < .001), the negative correlation between the 
anterior chamber depth and the actual and 
theoretical discrepancy in the midregion was 
not statistically significant (Table 4). 

For comparison with the Tiedeman formula- 
tion, we examined how closely a simple parabo- 
la would approximate the iris contour. With the 
formula y(R) = (z)(R—a)*/(b-a)> to determine 
the y coordinate at radial distance R, we com- 
puted the parabola that had its vertex at the 
extrapolated pupil margin (point A) and passed 
through the iris root (point B). The parabolic 
approximation was posterior to the actual iris 
surface by a statistically significant amount 
(Table 5), and the discrepancy was larger than 
the discrepancy with the Tiedeman model (Ta- 
ble 1). Although the parabolic approximation 
was still close, with a discrepancy that may be 
small enough for some purposes, the Tiedeman 
prediction and the parabolic estimation were 
significantly statistically different from one an- 
other at all locations (Table 6). There might 
have been an error in measuring the actual iris 


TABLE 1 
ACTUAL Y COORDINATE AND Y COORDINATE OF IRIS POSITION PREDICTED BY TIEDEMAN MODEL (mm) 


i 


DISCREPANCY 


Y COORDINATE RANGE 
R* N ACTUAL (MEAN) PREDICTED (MEAN) MEAN S.E.t pł MEDIAN MINIMUM MAXIMUM 
1 11 .0028 .0020 .0009 .003 .760 —.001 —0.010 0.030 
2 26 .0180 0288 —.0108 .005 025 —.009 —0.040 0.060 
3 26 .1707 1572 0135 012 .291 002 —0.100 0.130 
4 25 4775 4537 .0238 012 .057 .031 —0.080 0.140 
5 4 6641 6298 .0343 045 503 —.001 —0.003 0.170 


i 


*Radial distance from pupillary axis (mm). 
tStandard error of the mean discrepancy. 
*Two-tailed paired t-test. 
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TABLE 2 
CORRELATIONS OF DISCREPANCY* WITH z 


Rt N r$ ONE-TAILED PROBABILITY 


1 11 .2424 NS§ 
2 26 =.16076 NS 
3 26 .5731 <.01 
4 25 5155 <.01 
5 4 .8689 NS 


ee 
“Difference between actual and predicted iris position. 
‘Radial distance from pupillary axis (mm). 
*Correlation coefficient. 
§NS indicates not significant. 


position, which was common to both discrep- 
ancies, because there was a strong correlation 
between the two discrepancies (r = .61 to .99 at 
various radial distances, P < .001) for all dis- 
tances. 


eee 


Discussion 
a eee ee a NTL ASS oe ee 


The actual and predicted contours coincided 
almost to the degree to which iris position can 
be measured with the methods used. On the 
tracings produced by the computer after correc- 
tion for the optics of the camera and the cornea, 
the scale is 0.5 inch = 1 mm. With a ruler 
marked in 32nds of an inch, we could measure 
the distances of the iris from the abscissa to the 
nearest 1/64th of an inch, corresponding to 
0.03 mm (30 um). An average discrepancy less 
than this amount represents a remarkably close 


TABLE 4 
CORRELATIONS OF DISCREPANCY* WITH ANTERIOR 
CHAMBER DEPTH 


ONE-TAILED PROBABILITY 


1 11 0995 NS§ 
2 26 0548 NS 
3 26 —.3719 NS 
4 25 —.2057 NS 
5 4 —.9123 NS 


lime 
“Difference between actual and predicted iris position. 
‘Radial distance from pupillary axis (mm). 
*Correlation coefficient. 
§NS indicates not significant. 


TABLE 3 
CORRELATIONS OF DISCREPANCY* WITH 
THE RATIO z/(B — A) 


Rt N r$ ONE-TAILED PROBABILITY 


1 11 .2179 NS§ 
2 26 —.1879 NS 
3 26 .5686 <.01 
= 25 .5525 <.01 
5 4 .7555 NS 


res 
“Difference between actual and predicted iris position. 
‘Radial distance from pupillary axis (mm). 
*Correlation coefficient. 
§NS indicates not significant. 


fit of the calculated actual iris position and the 
theoretical predicted contour of the iris. This 
congruity of the profiles mutually confirms the 
biometric calculations used to determine actual 
iris contour and the theoretical model that pre- 
dicts the contour from basic physical principles. 

The biometric method has previously been 
tested for reproducibility,” but its accuracy has 
been confirmed only at the center of the ante- 
rior chamber, the only location at which there is 
an independent measure of the position of an 
intraocular tissue surface in the living eye.® Our 
present data show that all along the iris meridi- 
an, the calculated iris position conforms to 
theoretical expectations, without an evident 
error in the optical calculations used to deter- 
mine the actual iris surface position from the 
photographic image. 

Conversely, the mathematical model of rela- 
tive pupillary block accurately predicts the ob- 
served actual iris shape in the 13 subjects stud- 


TABLE 5 
ACTUAL Y COORDINATE AND Y COORDINATE OF IRIS 
POSITION PREDICTED BY PARABOLIC FORMULA (mm) 


————— 
Y COORDINATE 


DISCREPANCY 
ACTUAL PREDICTED 


R* N (MEAN) (MEAN) MEAN S.E.t pł 
ea A. sl RN, acia S th 5 
1 11 .0028 .0060 — .0031 .004 .416 
2 26 .0180 .0554 —.0373 .006 <.001 
3 26 .1707 LEIT —.0570 .010 <.001 
4 25 45 .5214 — .0438 .010 <.001 
5 4 .6641 .6649 — .0008 .037 .984 


alate dees esearch 
“Radial distance from pupillary axis (mm). 
"Standard error of the mean discrepancy. 
*Two-tailed paired t-test. 
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TABLE 6 
COMPARISON OF DISCREPANCY OF ACTUAL IRIS 
Y COORDINATE WITH THE Y COORDINATE OF THE 
TIEDEMAN PHYSICAL MODEL AND THE 
Y COORDINATE OF THE PARABOLIC ESTIMATION 


iT 


Y COORDINATE DIFFERENCE BETWEEN 


DISCREPANCIES 
DISCREPANCY DISCREPANCY 


R* oN (MODEL) (PARABOLA) MEAN S.E.t pt 

1 Fi .0009 —.0031 0040 6.002 .068 
2 26 —.0108 —.0373 0266 .005 <.001 
3 26 .0135 —.0570 0705 .008 <.001 
4 25 .0238 — .0438 0676 .007 <.001 
5 4 .0343 —.0008 0351 .008 .024 


*Radial distance from pupillary axis (mm). 

tStandard error of the mean difference between discrepan- 
cies. 

*Two-tailed paired t-test. 


ied. The iris contour was approximated rea- 
sonably well by a second-order polynomial 
(parabola), but the curve based on presumed 
physiologic circumstances in Tiedeman’s for- 
mulation provided an even better fit (Table 6). 
This serves to verify the applicability of the 
physical principles embodied in the mathemati- 
cal model to actual anatomic and physiologic 
circumstances in the living human eye. 

A seeming paradox of the model is that 
changes in the sphincter tone, dilator tone, or 
posterior chamber pressure (in response to the 
tightness of fit of the iris against the lens) may 
not affect the iris contour. The mathematical 
model predicts that once these forces produce 
an equilibrium condition with a given position 
of the pupil relative to the iris root, the contour 
will be the same no matter what combination of 
forces are at play to produce that pupil position. 
For example, simultaneous tightening of the 
sphincter and dilator muscles (such that the 
pupil diameter is unchanged) will result in a 
higher tension along the iris and a higher pres- 
sure within the posterior chamber. At equilibri- 
um, the pupil margin may move backward 
slightly (to narrow the channel and account for 
a higher posterior chamber pressure), but with 
only a slight change in pupil position the model 
would predict only a small change in iris con- 
tour. 

The applicability holds only when the pres- 
sure flow relationships are at equilibrium and 
all the assumptions of the physical mathemati- 
cal model are met. These need to be considered, 
both to see how well the assumptions are met in 


our particular group of 13 subjects and to know 
the limits of the general application to other 
individuals. 

One assumption is that the behavior of the 
iris (a structure with finite, variable thickness 
and inhomogeneous composition) can for ana- 
lytic purposes be reduced to a thin membrane. 
(It need not incidentally be of homogeneous 
elasticity along its entire radial length. In such 
a case, however, the violation of the assump- 
tion of absent lateral interaction becomes im- 
portant, unless adjacent sectors are uniform.) If 
it is assumed that the iris stroma is loose and 
the main tautness of the iris resides in the 
dilator muscle layer, it is really the contour of 
that layer, near the posterior surface, that the 
model represents. The visible layer is the ante- 
rior iris surface, and we assumed that it was 
parallel to the surface represented by the mod- 
el, and thus of the same dimensions and shape. 
Realizing that we were studying not the ante- 
rior iris surface but a surface parallel to it, we 
made a smooth curve through the surface irreg- 
ularities produced by the collarette of the iris or 
by corrugations of the surface. Additionally, in 
selecting point A (Fig. 1) we extrapolated the 
curve used for analysis of the anterior iris 
surface centrally toward the origin of the co- 
ordinate system rather than follow the rounded 
edge of the pupil margin posteriorly at the 
margin. In this way the actual curve was artifi- 
cially kept parallel to the posterior iris surface 
all the way to the pupil margin. We used this 
smooth extrapolated curve, presumably paral- 
lel to the dilator muscle layer, as the actual 
contour that could be compared to the smooth 
theoretical curve. The smoothing necessary was 
minor in all cases and was always done before 
any of the theoretical calculations were per- 
formed. 

The smoothed and extrapolated anterior iris 
surface is not perfectly parallel to the dilator 
muscle, because the iris is not of uniform thick- 
ness. The iris becomes thin near its root. This 
may in part account for a tendency for larger 
discrepancy between actual and theoretical in 
the periphery. (There are two additional com- 
ponents to the small error. Tiedeman’ provided 
a theoretical reason for slightly anterior erro- 
neous prediction in the periphery by his formu- 
lation. Additionally, the discrepancy is not 
measured normal to the surface at the periphery 
and is thus artificially exaggerated where the 
iris has a steep slope.) Similarly, the sphincter 
muscle makes the iris thicker in a region near 
the pupil, and this may account for the tenden- 
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cy for a discrepancy in the negative direction 
for points near the pupil. Yet, from these re- 
sults, it appears that the anterior surface is 
sufficiently parallel to the dilator muscle that it 
can be taken as a close approximation of shape, 
unless there is an anatomic peculiarity (for 
example, localized iris atrophy or a tumor). 

A second assumption of the mathematical 
model is that no force is derived from contact of 
the iris with the lens. The posterior surface of 
the iris is supported by the pressure of the 
posterior chamber, and near the pupil it is 
supported by pressure of the fluid in the chan- 
nel between the posterior chamber and the 
anterior chamber. This support is disclosed 
when the posterior chamber pressure is re- 
lieved by iridotomy. The iris, having lost the 
support of the posterior chamber pressure, 
moves backward at the pupillary margin, as 
well as elsewhere.’ 

Thus, under natural conditions (without any 
iridotomy) the assumption is satisfied that the 
lens is not in contact with the iris and does not 
itself exert a force upon the iris. The lens has 
only the indirect effect of providing the posteri- 
or wall of the channel through which aqueous 
humor is flowing; its position simply helps 
determine the position the iris will assume 
under equilibrium conditions in which the re- 
sistance to flow into the pupil (related to the 
distance between the lens and iris) balances the 
anterior-posterior chamber pressure difference 
at a given flow rate. 

The model assumes an equal pressure is ex- 
erted along the entire posterior iris surface, but 
this is true only to the degree that the channel 
between the iris and lens becomes critically 
narrow only at the pupil margin. With flow 
through a long narrow passage, the pressure 
supporting the iris might be expected to fall 
progressively as the pupil margin is ap- 
proached. Evidently the resistance to flow into 
the anterior chamber is most marked at the 
pupil margin, such that the pressure supporting 
the peripupillary iris is not diminished enough 
to matter in the Tiedeman formulation, because 
the observed contour varies little from the theo- 
retical shape. The actual shape of the passage is 
the gap between two curves: the anterior lens 
surface, which reaches its maximum anterior 
extent near the center of the pupil, and the 
nearly parabolic shape of the posterior iris 
surface, with its vertex at the pupil margin. 
These two curves approach each other at an 
angle that produces the narrowest passage at 
the pupil margin. An additional reason that the 


resistance is greatest at the pupil margin is that 
even with a uniform gap between lens and iris, 
the cross-sectional area of the annular channel 
would be at its least where the radius is the 
smallest. 

Another assumption of the model is that each 
sector of the iris is free to stretch or move 
independently. This condition is not met, be- 
cause adjacent sectors are attached to one an- 
other. Nonetheless, the contour is not affected 
if the elastic properties of adjacent sectors are 
identical. Despite some asymmetry of the iris at 
various meridians around the circumference, 
our results suggest that the difference between 
immediately adjacent sectors is small and has 
little influence on the contour in the usual iris. 

Thus, it would appear that the assumptions of 
the mathematical model were satisfactorily met 
in the patients we studied. There are, however, 
conditions under which the model would not 
apply. For example, after iridotomy, there is no 
pressure difference between the posterior and 
anterior chambers, and in the absence of slack, 
the iris will be held in a straight line between its 
points of support. After iridotomy, the assump- 
tions of the mathematical model are further 
violated by a lens-derived force that results 
when the iris is draped on the lens surface. The 
shape of the iris after iridotomy has been de- 
scribed previously.’ 

As an additional example, the model could 
not be expected to apply when there is blatant 
nonuniformity between adjacent sectors. For 
example, with a partial-thickness iridectomy, 
the pigment layer may bulge through the open- 
ing in the stroma. In this sector the contour 
obviously does not follow the smooth curve 
predicted by the mathematical model, and the 
bulge results because of restraints produced by 
adjacent sectors. 

The mathematical model also does not apply 
when there are additional forces on the iris, for 
example from synechiae formation. Posterior 
Synechiae of the iris to the lens produce a 
posteriorly directed force at or near the pupil, 
which permits the iris to bulge forward (iris 
bombé), so that the middle portion of the iris is 
more anterior than the pupillary margin. This 
anterior bulge cannot occur in the absence of a 
posterior synechia. Peripheral anterior syne- 
chiae also violate the assumption of the mathe- 
matical model, unless one considers that the 
effective iris root force is the sum of the force 
vector exerted by the anterior adhesion and the 
force vector generated by the posterior inser- 
tion into the ciliary body. 
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Similarly, the contour of the iris during in- 
dentation gonioscopy does not follow the theo- 
retical mathematical model. At least three 
conditions of the model are violated: the 
pressure-flow-resistance relationships are not 
at equilibrium; there is contact between the lens 
and the iris at the pupil margin; and the posteri- 
or chamber pressure is not greater than the 
anterior chamber pressure. 

Thus, our data show that the model accurate- 
ly predicts the iris contour under the usual 
conditions under which the assumptions apply. 
The nature of the assumptions, however, must 
be kept in mind to understand the clinical 
circumstances under which the model would 


not apply. 
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OPHTHALMIC MINIATURE 
In the early morning for a short while the steel-yellow sun glittered 
distantly in the sky, fixing her like a serpent’s eye as she sat propped up 
against the cushion staring out at the rectangle of impossible light. 


Paul Bowles, The Sheltering Sky 


New York, Vintage Books, 1990, pp. 295 and 296 
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The Influence of Iris Pigmentation on the Miotic Effect of 


Thymoxamine 





D. L. Chris Diehl, M.D., F.R.C.S.C, Alan L. Robin, M.D., and Martin Wand, M.D. 


We performed a randomly assigned, double- 
masked, placebo-controlled study in 78 pa- 
tients with varied iris pigmentation to evalu- 
ate the influence of iris pigmentation on the 
ability of 0.1% thymoxamine to reverse mydri- 
asis produced by 2.5% phenylephrine. Patients 
were chosen so that a 1.6:1 ratio of dark to 
light irides was obtained. Within one-half 
hour after medication, thymoxamine-treated 
nonbrown irides constricted significantly 
compared to their fellow placebo-treated iri- 
des (P < .001). Thymoxamine-treated pupils of 
nonbrown irides were 1.0 to 3.1 mm smaller 
than placebo-treated fellow eyes. Thymox- 
amine-treated light brown irides constricted 
less (0.6 to 2.0 mm) and more slowly compared 
to fellow placebo-treated irides. Thymox- 
amine did not reverse the mydriasis in eyes of 
patients with dark brown irides. Thymox- 
amine appears similar to other adrenergic 
agents that bind to melanin, delaying onset 
and strength of action. Its efficacy as presently 
formulated may be limited, in part, by iris 
color. 


Tirymoxamine is an alpha-1-adrenergic antag- 
onist (sympatholytic). In the eye, it competes 
with adrenergic agents (including norepineph- 
rine) at postsynaptic alpha-1-adrenoreceptors,' 
which relaxes the dilator muscle of the iris. 
Alternatively, thymoxamine increases miosis 
(reverses mydriasis) by altering the balance of 
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parasympathetic iris sphincter tone and sympa- 
thetic iris dilator muscle tone. 

Thymoxamine has many potential uses.” Thy- 
moxamine (0.5%) alone has ended attacks of 
acute angle-closure® and may be useful in the 
diagnosis of latent angle-closure glaucoma.‘ 
Long-term therapy with thymoxamine in eyes 
with pigmentary glaucoma might reduce pig- 
ment dispersion and lessen the severity of this 
type of glaucoma.’ Thymoxamine does not 
completely reverse the pupillary dilation asso- 
ciated with cycloplegic mydriatics.’ Despite 
this, it might reduce the pupillary aperture 
sufficiently to relieve symptoms of glare and 
photophobia associated with a routine exami- 
nation with a dilated pupil.’ 

Previous thymoxamine formulations do not 
alter aqueous formation,’ outflow,’ or intraocu- 
lar pressure” in humans. Additionally, unlike 
pilocarpine, thymoxamine has no effect on the 
ciliary body. Hence, it does not cause ciliary 
spasm or narrow the anterior chamber 
depth. 

Thymoxamine does effectively reverse mydri- 
asis induced by phenylephrine alone.” A dose 
response study found thymoxamine 0.1% is the 
lowest concentration that acts rapidly with 
minimal side effects to counter mydriasis in- 
duced by 2.5% phenylephrine.” Darkly pig- 
mented irides, however, might not be as re- 
sponsive to 0.1% thymoxamine as those with 
light pigmentation.’ To evaluate further the 
effect of iris pigmentation, we studied the effect 
of 0.1% thymoxamine on the reversal of mydri- 
asis induced by 2.5% phenylephrine. 


Subjects and Methods 


We used 0.1% thymoxamine hydrochloride 
or 2-(6-acetoxy-4-isopropyl-m-tolyloxy) ethyl- 
dimethylammonium hydrochloride. This for- 
mulation and the previous thymoxamine 
formulations (4-[2-dimethylaminoethyl] 5-iso- 
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propyl-2-methyl phenyl acetate) (moxisylyte) 
require refrigeration and protection from light. 
The placebo we used was 1% polyvinyl] alcohol, 
dextrose anhydrous, edetate disodium, benzal- 
konium chloride, and sterile water. 

We recruited normal volunteers of either sex 
and any race, between the ages of 18 and 65 
years. Pregnant and nursing women were ex- 
cluded. All premenopausal women received a 
screening urine beta human chorionic gonado- 
tropin pregnancy test before participation. 

Subjects were excluded if they wore contact 
lenses, or if they had a past or present ocular 
abnormality, previous intraocular surgery, het- 
erochromia, or known allergy to the use of 
phenylephrine or thymoxamine. The study was 
approved by the Food and Drug Administration 
and each institution’s investigational review 
board. Informed consent was obtained from 
each subject after the nature of the study had 
been fully explained. 

In all subjects, a prestudy medical and oph- 
thalmic history was taken, and an ophthalmic 
examination was performed, including Snellen 
visual acuity, slit-lamp microscopy, Goldmann 
applanation tonometry, and ophthalmoscopy. 

A camera system, designed to give 1:1 magni- 
fication, was used to photograph subjects’ pu- 
pils, in color, before and after dilation and at 
intervals during the study. Photographs were 
taken with constant background illumination 
after instructing the subject to look into the 
distance, which avoided accommodation. Par- 
ticipants were asked to remain indoors for the 
duration of the study, which prevented light- 
induced parasympathetic stimulation of miosis 
from affecting the results. Horizontal pupil di- 
ameter measurements (to the nearest 0.5 mm) 
were made from the photographs. We used a 
transilluminating light source at maximum in- 
tensity for maximum contrast while measuring 
pupil diameter. 

At the initial examination, irides were desig- 
nated as either dark (including brown, dark 
hazel, and dark gray) or light. Patients were 
recruited to give a 1.6:1 ratio of dark to light 
irides. Thymoxamine was randomly assigned, 
within each iris pigmentation category, to one 
eye and the placebo to the fellow eye of the 
same subject. 

Timed events began with an initial photo- 
graph and intraocular pressure measurement, 
followed by the instillation of two drops of 
2.5% phenylephrine, five minutes apart, into 
both eyes of each subject. Forty minutes after 
the second drop of phenylephrine was instilled 
(pupils dilated, time 0), the pupils were again 


photographed. One eye then received one drop 
of the active drug, and the fellow eye received 
one drop of placebo. This occurred in a double- 
masked random fashion. The fellow eye acted 
as a control because there is no evidence of a 
contralateral effect with thymoxamine. 

Pupils were again photographed at intervals 
of %, 1, 1%, two, three, four, five, six, seven, and 
eight hours after instillation of the test drops. 
Intraocular pressure was also measured by ap- 
planation tonometry at four and eight hours 
after instillation of the test drops. 

Subjects were asked to comment on any 
symptoms or adverse reactions that occurred 
throughout the course of the study. They were 
also instructed to report to the investigator any 
symptoms or adverse reactions that occurred 
after the completion of the study, which they 
suspected might be study-related. 

Follow-up ophthalmic examinations, includ- 
ing pupil photographs and intraocular pressure 
measurement, were performed in the same 
manner as the initial examination one week 
after each subject’s completion of the study. 

Because the initial iris color classification 
included dark gray and dark hazel with brown 
irides in the dark grouping and because classifi- 
cation was subjective, occurring at two different 
sites, a single observer later reviewed the pho- 
tographs of all 78 participants. Irides were then 
reassigned into five grades of iris pigmentation: 
light nonbrown (for example, blue, gray, ha- 
zel), medium nonbrown, light brown, medium 
brown, and dark brown. Subsequent analysis 
disclosed that only three grades of iris pigmen- 
tation showed a statistically significant differ- 
ent reaction to thymoxamine: nonbrown, light 
brown (combining our previous groups light 
brown and medium brown), and dark brown. 

Data are presented as mean + 1 standard 
deviation and were evaluated using paired t- 
tests and chi-square tests. 





Results 





Of the 40 subjects examined at the Sinai 
Hospital in Baltimore, Maryland, 27 were wom- 
en and 13 were men. They ranged in age from 
18 to 61 years (mean, 36 + 11 years). Twenty- 
six subjects were white and 14 were black. At 
the initial recruitment, 25 subjects had dark 
irides and 15 had light irides. At the final 
classification, 14 subjects had dark brown iri- 
des, two had light brown irides, and 24 had 
nonbrown irides. 
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Of the 38 subjects examined at the Hartford 
Hospital in Hartford, Connecticut, 31 were 
women and seven were men. They ranged in 
age from 19 to 64 years (mean, 32 + 11.1 years). 
Thirty-two subjects were white, three were 
black, and three were Hispanic. At the initial 
recruitment, 23 subjects had dark irides and 15 
had light irides. At the final classification, six 
subjects had dark brown irides, 17 had light 
brown irides, and 15 had nonbrown irides. 

There were no statistically significant differ- 
ences in the pupil diameters of treated eyes 
compared to control eyes before dilation or 
when dilated at either study site or within the 
initial light and dark groupings. Both undilated 
and dilated pupil diameters, however, were 
significantly different comparing one study site 
to the other (P < .003). Dark and light pupils 
were not the same diameter before dilation 
(4.37 + 1.27 mm compared with 5.10 + 1.08 
mm; P = .01). Dark and light dilated pupils 
were not significantly different in diameter 
(6.81 + 1.28 mm compared with 7.27 + 1.05 
mm; P = .09). Because of these differences, the 
change in pupil diameter from the undilated to 
the dilated state was believed to be most mean- 
ingful and was evaluated. 

Phenylephrine-induced pupil dilation was 
not significantly different for eyes that then 
received placebo compared to the dilation in 
eyes that then received thymoxamine (2.44 + 
1.14 mm compared with 2.34 + 1.11 mm). 
Additionally, there was no significant differ- 
ence in pupil diameter increase by study site or 
by comparing light and dark iris groups. The 
degree of variability of mydriasis induced by 
phenylephrine was also not related to iris color. 

Hence, before the instillation of medication, 
pupils of both placebo and treated eyes had 
comparable diameters. The subsequent re- 
sponse to thymoxamine or placebo was judged 
as a change in pupil diameter from its dilated 
size at time 0 (the time of thymoxamine or 
placebo instillation). Note that change in pupil 
diameter from time 0 (thymoxamine-treated 
minus placebo-treated) is an indicator of thy- 
moxamine effect. 

After instillation of placebo, 60 of 78 pupils 
(77%) continued dilating for a short time, 
which increased the average pupil size for the 
group by 0.57 + 0.68 mm 30 minutes later. 
Although 14 placebo-treated pupils (18%) con- 
stricted slightly (1 mm or less, compared to 
dilated pupils) by one hour after receiving the 
placebo drop, their mean diameters were still 
2.77 + 1.19 mm greater than their undilated 
diameters (P < .001). Pupils in placebo-treated 


eyes returned to their undilated average diame- 
ter between five and six hours after placebo 
instillation (Figs. 1 and 2). 

Alternatively, most thymoxamine-treated pu- 
pils responded rapidly. Of 78 pupils, 57 (73%) 
constricted within the first 30 minutes. Only 21 
pupils (27%) dilated further in the first 30 
minutes. This group included 12 (60%) of the 
dark brown and eight (42%) of the light brown 
irides. No blue eyes continued to dilate. The 
mean pupil diameter returned to its undilated 
size 3⁄2 hours after thymoxamine instillation 
(one hour for light irides, more than four hours 
for dark irides). Pupil diameter became smaller 
(0.59 + 1.06 mm) than the undilated diameter 
at six hours after thymoxamine instillation (P = 
002). Of 78 thymoxamine-treated pupils, 77 
(99%) returned to or became smaller than their 
undilated diameter. Both light and dark 
placebo-treated pupils returned to within 1.0 
mm of their undilated diameter at four hours. 

Mean pupil diameter of thymoxamine- 
treated eyes in three gradations of iris pigmen- 
tation (nonbrown, light brown, and dark 
brown) disclosed a graduated thymoxamine ef- 
fect. 

The number of pupils that continued to dilate 
after receiving the thymoxamine were two of 39 
(5%) in the nonbrown group, eight of 19 (42%) 
in the light brown group, and 14 of 20 (70%) in 
the dark brown group (P < .05). The number of 
pupils showed more than a 1.0-mm difference 
between thymoxamine-treated and placebo- 
treated eyes were 38 of 39 (97%) in the non- 
brown group, 16 of 19 (84%) in the light brown 
group, and three of 20 (15%) in the dark brown 
group. The number of pupils that returned to 
their undilated baseline state at two hours after 
thymoxamine treatment were 26 of 39 (67%) in 
the nonbrown group, nine of 19 (47%) in the 
light brown group, and five of 20 (25%) in the 
dark brown group. The number of pupils that 
became more than 0.5 mm smaller than 
placebo-treated pupils after four hours were 26 
of 39 (67%) in the nonbrown group, 12 of 19 
(63%) in the light brown group, and two of 20 
(10%) in the dark brown group. 

Thymoxamine failed to reverse phenyleph- 
rine-induced mydriasis significantly in eyes 
with dark brown irides at any time during the 
study when comparison was performed using 
mean data. This group consisted entirely of 
black and Hispanic subjects. In this group of 20 
subjects, nine did respond individually to thy- 
moxamine instillation but with great variability 
in time of response. 

Division of subjects with nonbrown irides 
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Fig. 1 (Diehl, Robin, and Wand). The mean horizon- 


tal pupil diameter change from baseline in nonbrown 
(light) colored irides. 


into four groups by age showed that thymox- 
amine reversal of phenylephrine-induced my- 
driasis was age independent. Average pupil 
diameter for all age groups returned to the 
undilated diameter by one hour after thy- 
moxamine instillation. Thymoxamine had no 
significant effect on the intraocular pressure 
of thymoxamine-treated eyes compared to pla- 
cebo-treated eyes at any time during the study. 

Of 78 subjects, 35 (45%) reported side effects 
in the thymoxamine-treated eye and 37 (47%) 
reported side effects in the placebo-treated eye. 
Side effects were mostly brief and mild and 
consisted of stinging, burning, and blurring of 
vision. One subject, who had a history of mod- 
erate to severe motion sickness, reported severe 
vertigo and moderate ringing in the ear for 30 
seconds and a mild sense of pressure in the 
thymoxamine-treated eye for one hour. There 
were no lasting side effects. 





Discussion 





A drug’s action is modified by its binding to 
different tissues and pigments.” Drugs with an 
affinity for melanin accumulate in the pigment- 
ed uveal tissues, which act as a reservoir, and 
are released slowly.’*"’ This can result in a 
slowed onset of medication effect and also a 
prolonged and lessened effect of the medica- 
tion. 

Both alpha- and beta-adrenergic agents can 
be affected by iris pigmentation or melanin." 
The effect of various miotics and mydriatics is 
less intense in more darkly pigmented irides.” 
Relf and associates'! observed that lighter 
colored irides responded more quickly and 






Placebo 


—_ 


< Thymoxamine 


0 t 2 3 #4 S 8 f $ 1 Week 
TIME 
Fig. 2 (Diehl, Robin. and Wand). The mean horizon- 
tal pupil diameter change from baseline in dark irides 
(brown, dark gray, dark hazel). 


more completely to thymoxamine than did 
brown irides. We designed this study to docu- 
ment better the action of thymoxamine in rela- 
tion to iris pigmentation. Although Relf and 
associates found that the pupil diameter in 36 
of 40 thymoxamine-treated eyes (90%) re- 
turned to baseline in one hour, we observed 
that the pupil diameter in 58 of 78 eyes (74%) 
returned to baseline (undilated state) at one 
hour after thymoxamine instillation. The differ- 
ence in these two studies is caused by a differ- 
ent number of darkly pigmented irides in each 
study. Relf and associates” included four pa- 
tients with dark irides that failed to respond to 
thymoxamine, whereas we had 20 patients with 
darkly pigmented irides. The pupil diameter of 
none of the 20 darkest brown irides returned to 
within 0.5 mm of baseline in less than 2'2 
hours, and there was no statistically significant 
thymoxamine effect seen in this group of pa- 
tients using mean data. 

Comparison of the mean difference in pupil 
size between thymoxamine-treated and pla- 
cebo-treated eyes showed that thymoxamine 
was significantly better than placebo in revers- 
ing the effects of phenylephrine-induced my- 
driasis in both of the initial subject groupings 
of light and dark irides. This division of pig- 
mentation, however, was flawed in including 
dark hazel and dark gray pupils with more 
darkly pigmented irides. Reassignment of sub- 
jects into three groups with graded iris pigmen- 
tation (nonbrown, light brown, and dark 
brown) disclosed that the miotic effect of 
thymoxamine and its speed of onset decreased 
with greater iris pigmentation (Fig. 3). The 
miotic effect and its speed of onset was greatest 
in eyes with nonbrown irides. The miotic effect 


Vol. 111, No. 3 


Iris Pigmentation and Thymoxamine 355 





ee een 


Dark Brown 





o +t 2 3 © 5 6 F 8 1 Week 

TIME 
Fig. 3 (Diehl, Robin, and Wand). Pupil change from 
baseline in thymoxamine-treated and placebo- 
treated eyes for three gradations of iris pigmentation. 


was reduced, and its speed of onset was delayed 
in eyes with light brown irides. Additionally, 
those irides that were most darkly pigmented 
(eyes of black and Hispanic subjects) did not 
show a Statistically significant reversal of my- 
driasis from one drop of 0.1% thymoxamine. 

Individual responses to thymoxamine seen in 
some of the darkly pigmented irides, however, 
suggest that concentrations of thymoxamine 
greater than 0.1% or repeated instillation of 
these eyedrops might be expected to overcome 
the pigment reservoir effect. A dose response 
study of the efficacy of thymoxamine reversal of 
phenylephrine-induced mydriasis in black sub- 
jects would be useful to determine the optimum 
concentration for use with their more darkly 
pigmented irides. Regrettably, increased side 
effects (stinging, burning, and the like) that 
occur with higher concentrations limit the use- 
fulness of higher concentrations of thymox- 
amine in the darkly pigmented iris. 

There was some limited overlap in the pupil- 
lary response to thymoxamine among subjects 
with different colored irides. We cannot prove 
that factors other than iris pigmentation might 
account for the differences we observed. These 
differences may relate to genetic factors or cor- 
neal permeability. 
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The Epidemiologic Association of Fuchs’ Heterochromic 


Iridocyclitis and Ocular Toxoplasmosis 





Ivan R. Schwab, M.D. 


Between January 1983 and July 1987, I exam- 
ined 25 patients at the Department of Oph- 
thalmology, West Virginia University, who 
had the anterior segment characteristics of 
Fuchs’ heterochromic iridocyclitis. Of these 
patients, 16 had fundus lesions suggestive of 
ocular toxoplasmosis. Of these 16 patients, 13 
had a positive serologic test for toxoplasmo- 
sis, two patients were not tested, and one 
patient had a negative test at 1:16. The remain- 
ing nine patients with Fuchs’ heterochromic 
iridocyclitis had no fundus lesions suggestive 
of toxoplasmosis. A chart review of 792 con- 
secutive patients at the Retinal Unit, West 
Virginia University, during a six-month peri- 
od disclosed that 24 of 590 patients (4%) had 
chorioretinal scars suggestive of toxoplasmo- 
sis. I concluded from these data that in at least 
one subgroup of patients with Fuchs’ hetero- 
chromic iridocyclitis there is a significant as- 
sociation with the chorioretinal scars of toxo- 
plasmosis (P < .01), and this is suggestive of a 
causal relationship. 


Mysrery ann curiosity have shrouded Fuchs’ 
heterochromic iridocyclitis since its description 
in 1903 by its namesake,’ although Hutchinson’ 
in 1869 or perhaps Lawrence’ in 1843 were the 
first to describe the condition. We are no closer 
to defining the cause of this enigmatic disease 
than Fuchs was when he expanded his original 
series to include 38 cases and speculated as to 
cause.’ In the interim, several theories for 
Fuchs’ heterochromic iridocyclitis have been 
postulated, including an intrauterine toxin, in- 
trauterine radiation, birth trauma, congenital 
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abnormalities, sympathetic innervation abnor- 
malities, tuberculosis infection, and nutritional 
causes. None has been proven, however, and 
most have been discarded as possible explana- 
tions. 

The classic, if not pathognomonic, physical 
findings of Fuchs’ heterochromic iridocyclitis 
are often subtle and may easily escape attention 
even with the magnification and illumination 
that were not available to Fuchs. Classic 
findings include heterochromia iridum, evanes- 
cent stellate keratic precipitates, low-grade iri- 
docyclitis, cataract, and occasionally glaucoma, 
although there usually are a minimum of exter- 
nal signs, such as ciliary flush. 

Conversely, toxoplasmosis is more easily rec- 
ognized by its classic ocular manifestations in 
the acute and quiet stages. Certain clinical 
features of the active retinochoroiditis or of its 
chorioretinal scars are now accepted as evi- 
dence for toxoplasmosis.’ Yet these scars may 
be easily missed, especially if they occur in the 
peripheral fundus. Additionally, we do not 
know if all intraocular Toxoplasma gondii infec- 
tions manifest such scars. 

Interestingly, some authors, including Fuchs, 
have noted chorioretinal scarring suggestive of 
previous inflammatory disease that may repre- 
sent previous T. gondii infection in patients 
with Fuchs’ heterochromic iridocyclitis.*” I 
treated a subset of patients with Fuchs’ hetero- 
chromic iridocyclitis who had chorioretinal 
scarring suggesting previous or active infection 
with T. gondii. 


Patients and Methods 


All 25 patients with the diagnosis of Fuchs’ 
heterochromic iridocyclitis at the uveitis clinic 
of West Virginia University between Jan. 1, 
1983, and July 30, 1987, were studied. 

The diagnosis of Fuchs’ heterochromic irido- 
cyclitis, established by using the criteria of 
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Fuchs,’ Franceschetti,” and Kimura, Hogan, 
and Thygeson,’” was made on a clinical basis 
since no distinctive serologic or histopathologic 
abnormality is known to exist. The diagnostic 
characteristics include diffuse stromal atrophy 
and pigment epithelial layer atrophy of the iris, 
small white stellate keratic precipitates, and 
mild cell and flare in the anterior chamber 
and vitreous. All patients had heterochromia, 
although this was subtle in two of the brown- 
eyed patients, as Kimura™ has mentioned. Usu- 
ally the lighter eye was the affected eye, al- 
though the darker eye may be the affected eye if 
the stroma is initially light.’””’ Iris stromal atro- 
phy was defined as the loss of stromal sub- 
stance, blunting of the iris crypts, and a dull, 
flat appearance to the iris surface. Iris pigment 
epithelium loss was defined as retroillumina- 
tion defects seen with projected light reflected 
from the fundus. 

The keratic precipitates were considered to be 
classic if they were seen on any visit as small to 
medium white deposits with fine stellate pro- 
jections seen on the endothelium.” These ker- 
atic precipitates were never confluent or con- 
centrated inferiorly but were distributed over 
most of the endothelial surface. Anterior cham- 
ber cell and flare were recorded according to the 
criteria of Hogan, Kimura, and Thygeson.” 

Cataract was defined as an opacity in the 
crystalline lens or as aphakia. Although this 
definition is broad, all cataracts in this series 
were believed to have been capable of reducing 
visual acuity to at least 20/40 or worse. 

Glaucoma was defined as intraocular pres- 
sure in the affected eye above 26 mm Hg on two 
or more visits. Patients requiring antiglaucoma 
medication for control of intraocular pressure 
werevalso classified as having glaucoma. Visual 
field defects or disk changes were not required 
for this diagnosis, although all four patients 
with chronic glaucoma did have both. Four 
additional patients had intermittent intraocular 
pressure increase without visual field or disk 
changes but were defined as having glaucoma. 

A chorioretinal lesion was classified as con- 
sistent with toxoplasmosis if it had certain 
morphologic features. All such lesions were at 
least 2 disk diameter in size and well defined 
with white punched-out centers and pigmented 
borders. An active focus of retinochoroiditis 
required a yellow, cottonlike patch with an 
overlying vitreitis at the edge of an old chorio- 
retinal scar attributed to toxoplasmosis. Toxo- 
plasmosis tests, performed by reference labora- 
tories, consisted of the indirect fluorescent 


antibody test to measure IgG antibody or IgG 
enzyme-linked immunosorbent assay.’ Except 
for syphilitic serologic tests, additional testing 
to eliminate other causes of chorioretinal scars 
was not performed. 

To estimate the prevalence of chorioretinal 
scars suggestive of toxoplasmosis in the popu- 
lation, I reviewed the retinal drawings of all 792 
patients (344 male and 448 female) examined at 
the West Virginia University retinal clinic over 
a six-month period between Jan. 15 and July 15, 
1987. Patients who had complete retinal draw- 
ings of each eye were included. Patients were 
excluded if any retinal drawing was incomplete. 
This protocol, however, accepted any patient 
who had only one fundus drawing or an incom- 
plete drawing if a chorioretinal scar suggestive 
of toxoplasmosis existed in that drawing. 

Of these 792 patients, 202 had incomplete 
drawings, and 82 of these had only one eye 
drawn completely (vitreous hemorrhage, phthi- 
sis bulbi, or no abnormality in the fellow eye). 
These 202 patients were excluded from calcula- 
tions. Five of the remaining 590 patients were 
specifically referred for active or quiet toxoplas- 
mosis. These cases could have been considered 
biased and hence excluded. Nevertheless, these 
were included as positive cases of toxoplasmo- 
sis. Ten of the 590 patients had a scar consid- 
ered to be consistent with toxoplasmosis. Nine 
additional patients had chorioretinal scars that 
could have been consistent with toxoplasmosis, 
but these patients had other disease (for exam- 
ple, age-related macular degeneration or diabe- 
tes mellitus) that also could have been responsi- 
ble for these scars. Chart review did not permit 
this determination, so these patients were clas- 
sified as having chorioretinal scarring consis- 
tent with toxoplasmosis. 


Results 


The 25 patients with Fuchs’ heterochromic 
iridocyclitis had some or all of the features of 
this classic disease (Tables 1 and 2). All patients 
with unilateral disease had heterochromia, 
with the lighter eye being the affected eye in 17 
of the 25 patients. Bilateral Fuchs’ heterochro- 
mic iridocyclitis does occur, and three patients 
had this condition in both eyes. 

Of the 25 patients, 20 had fine to medium 
keratic precipitates scattered diffusely on the 
endothelium. These keratic precipitates had 
fine stellate projections believed to be pathog- 
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TABLE 1 
PATIENTS WITH FUCHS’ HETEROCHROMIC IRIDOCYCLITIS AND CHORIORETINAL SCARS 


e SCT 


CASE NO., 
AGE (YRS), SEX IRIS ATROPHY CATARACT 
1,22, F Stromal Posterior 
subcapsular 
by de F Stromal Posterior 
subcapsular 
3, 26, F Stromal Posterior 
subcapsular 
4, 28, M Stremal Posterior 
subcapsular 
5, 44, Ft Stremal, pigment Aphakic 
epithelium 
6, 42, M Stromal Posterior 
subcapsular 
7, 10, FF Stromal, pigment Posterior 
epithelium subcapsular 
8, 29, M Stromal No 
9, 28, F Stromal, pigment Posterior 
epithelium subcapsular 
10, 30, F Stromal, pigment Aphakic 
epithelium 
11, 28, F Stromal, pigment Aphakic 
epithelium 
12, 35, FT Stromal, pigment Aphakic 
epithelium 
13, 29, M Stromal, pigment No 
epithelium 
14, 34, F Stromal, pigment No 
epithelium 
15, 33, Mt Stromal, pigment Mature 
epithelium 
16, 20, Ft Stromal Posterior 


subcapsular 


TOXOPLASMOSIS 
TITER UNUSUAL FEATURES 
Positive* Active toxoplasmosis lesion, 


developed heterochromia 
1:512 Active toxoplasmosis lesion, 
vasculitis when active 


1:64 — 
1:64 Koeppe nodules, developed 
heterochromia 
1:16 — 
1:64 — 
1:256 Toxoplasmosis scars in both eyes 
1:64 Koeppe nodules 
NP? — 
1:512 Toxoplasmosis scars in both eyes 
1:64 Previous vasculitis 
Negative — 
1:128 Active toxoplasmosis 
1:16 — 
NP? = 
1:32 Toxoplasmosis scars in both eyes 


a aaa aaaaaaaaaaallIIIIalalalalalalaaaaaaaaaslllllllllllllllMlMlMlMlMlMMMMlIlÃi 


*Laboratory gave no numbers. 
tApproximate age. 
tNP indicates not performed. 


nomonic for Fuchs’ heterochromic iridocyclitis. 
All patients had diffuse iris stromal atrophy 
with loss of crypts and iris substance. Usually, 
this iris atrophy was associated with increased 
visibility of the radial iris vessels. Peripupillary 
iris pigment epithelium loss was noted in a 
patchy distribution, but only 17 of these pa- 
tients had pigment epithelium loss away from 
the pupil. No posterior synechiae were seen. 
Five of the 25 patients had previous cataract 
extraction and had unilateral aphakia or 
pseudophakia before the first examination. 
Eight additional patients became aphakic or 
pseudophakic during the study period. Nine of 


the remaining 12 phakic patients had posterior 
subcapsular or cortical cataract changes. 
Ophthalmoscopy disclosed a chorioretinal 
scar suggestive of toxoplasmosis in 16 of 25 of 
these patients (Table 1). At least three of the 16 
patients with Fuchs’ heterochromic iridocycli- 
tis had bilateral chorioretinal scarring. Toxo- 
plasmosis tests were positive in 13 of these 16 
patients. One of the remaining patients had a 
negative test, although the titers were only 
diluted to 1:16. The titers were not tested to 
undiluted serum, as has been considered neces- 
sary to rule out toxoplasmosis.” Two of the 16 
patients did not have a blood sample drawn. 
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TABLE 2 


PATIENTS WITH FUCHS’ HETEROCHROMIC IRIDOCYCLITIS WITHOUT CHORIORETINAL SCARS 


Ce eee eer EEE 


CASE NO., TOXOPLASMOSIS 
AGE (yrs), SEX IRIS ATROPHY CATARACT TITER UNUSUAL FEATURES 
17; 29, F Stromal, pigment Dense 1:16 Gliotic membrane and disk 
epithelium 
18, 22, M Stromal, pigment Posterior High positive* — 
epithelium subcapsular 
19, 64, M Stromal, pigment Aphakic 1:512 — 
epithelium 
20, 36, M Stromal, pigment Posterior 1:16 Bilateral 
epithelium subcapsular 
21, 32, F Stromal, pigment Posterior 1:512 — 
epithelium subcapsular, cortical 
22, 28, F Stromal, pigment Posterior <1:8 o 
epithelium subcapsular 
23, 48, M Stromal, pigment Dense NPt Bilateral, no 
epithelium examination of fundus 
24, 32, M Stromal Posterior NP — 
subcapsular, 
nuclear sclerosis 
25, 86, M Stromal, pigment Posterior NP Bilateral 


epithelium 


subcapsular, 
nuclear sclerosis 





*Laboratory gave no numbers. 
tNP indicates not performed. 


Five of the patients with Fuchs’ heterochro- 
mic iridocyclitis without chorioretinal scarring 
had positive serologic tests for T. gondii, and 
one such patient had a negative test at 1:8. The 
three remaining patients with Fuchs’ hetero- 
chromic iridocyclitis and no chorioretinal scar- 
ring did not have tests performed. 

Of 590 patients examined in the retina clinic, 
24 (4%) had chorioretinal scars considered to 
be consistent or possibly consistent with toxo- 
plasmosis. Of 25 patients with Fuchs’ hetero- 
chromic iridocyclitis, 16 had chorioretinal scars 
consistent with toxoplasmosis. These two pop- 
ulations are significantly different (P < .01, 
chi-square, Yates correction). 


Discussion 


Fuchs himself noted a peripheral choroiditis 
in some of the patients in his 1906 article.‘ 
Numerous other investigators have found cho- 
rioretinal scars in patients with Fuchs’ hetero- 
chromic iridocyclitis.1%"''"*! Initially, tubercu- 
losis was thought to be responsible, which led 


to an early hypothesis linking tuberculosis and 
Fuchs’ heterochromic iridocyclitis. Some inves- 
tigators found evidence of tuberculosis in such 
patients.’**’ We suspect, however, that in the 
early part of the 20th century the incidence of 
tuberculosis in the general population must 
have been greater than today. Hence, the asso- 
ciation may have been, and probably was, coin- 
cidental.’” 

Janků” documented T. gondii, an obligate 
intracellular parasite, as the organism probably 
responsible for certain chorioretinal scars as 
well as for retinochoroiditis in 1923. Later in 
the century, other investigators extended this 
work to prove that T. gondii was indeed respon- 
sible for active retinochoroiditis.”® Hence, ear- 
ly investigators may not have considered T. 
gondii as a possible cause for Fuchs’ hetero- 
chromic iridocyclitis. Many of these chorioreti- 
nal scars described by early investigators and 
ascribed to tuberculosis may well have been 
consistent with toxoplasmosis. 

De Abreu, Belfort, and Hirata* suggested that 
these chorioretinal scars might be caused by 
toxoplasmosis and that a relationship might 
exist between these chorioretinal scars and 
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Fuchs’ heterochromic iridocyclitis. Although 
these investigators found a high prevalence of 
chorioretinal scars in patients with Fuchs’ het- 
erochromic iridocyelitis, no attempt was made 
to compare this rate to the prevalence of chorio- 
retinal scars in a similar population without 
Fuchs’ heterochromic iridocyclitis. 

The investigation by de Abreu, Belfort, and 
Hirata® is noteworthy for several reasons. Cho- 
rioretinal scars characteristic of ocular toxo- 
plasmosis were present in 13 of 23 patients 
with Fuchs’ heterochromic iridocyclitis. All of 
these patients had the distinct characteristics 
that allowed diagnosis of toxoplasmosis and 
Fuchs’ heterochromic iridocyclitis, and all of 
these 13 patients had positive serum immuno- 
fluorescent reactions for toxoplasmosis.” 

Although these authors were among the first 
to focus on T. gondii asthe causative organism, 
other investigators have mentioned the possi- 
bility. Both Nemetz” and Kimura, Hogan, and 
Thygeson”’ mentioned obtaining T. gondii tests 
on their patients with Fuchs’ heterochromic 
iridocyclitis, but neither addressed the results. 
Kimura, Hogan, and Thygeson” did mention 
that two of 22 patients with Fuchs’ heterochro- 
mic iridocyclitis had a positive skin test for T. 
gondii, but serologic results were not reported." 

Some of the patients of de Abreu, Belfort, and 
Hirata had an active posterior uveitis consis- 
tent with toxoplasmosis, as did three of the 
patients in our study. One of our patients with 
lesions resembling toxoplasmosis initially had 
the characteristic keratic precipitates of Fuchs’ 
heterochromic iridocyclitis but no heterochro- 
mia. During follow-up examinations, this pa- 
tient developed heterochromia unrelated to ac- 
tivity of the posterior segment disease. De 
Abreu, Belfort, and Hirata had a similar case.” 

Other investigators in Europe have made sim- 
ilar observations. Saraux, LaRoche, and Le 
Hoang noted that ten of 13 patients with Fuchs’ 
heterochromic iridocyclitis had chorioretinal 
lesions suggestive of toxoplasmosis. Serum 
and aqueous humor [gG levels confirmed toxo- 
plasmosis in six of these ten patients, and the 
other four patients were not tested. Some of the 
chorioretinal scars were peripheral and only 
seen with a three-mirror examination of the 
retina.” 

In the United States, Arffa and Schlaegel” 
reported a higher prevalence of chorioretinal 
scars in patients with Fuchs’ heterochromic 
iridocyclitis. De Abreu, Belfort, and Hirata’ 
studied patients in Brazil where there is a high 
prevalence of toxoplasmosis. One could argue 


that the prevalence of toxoplasmosis lesions in 
Fuchs’ heterochromic iridocyclitis in Brazil is 
not higher than the normal population. Arffa 
and Schlaegel, however, described patients pri- 
marily from Indiana. Although the prevalence 
of toxoplasmosis is not precisely known in this 
Indiana population, Arffa and Schlaegel com- 
pared the patients with Fuchs’ heterochromic 
iridocyclitis to patients with HLA-B27-positive 
uveitis and found that chorioretinal scarring 
was significantly more common in the patients 
with Fuchs’ heterochromic iridocyclitis.” Cer- 
tainly, some bias may be introduced in choos- 
ing these control subjects, since this HLA-B27 
group might conceivably be protected against 
T. gondii or other agents. Still, the difference in 
prevalence is persuasive evidence that some 
association exists between chorioretinal scars 
and Fuchs’ heterochromic iridocyclitis. 

Of 67 patients with Fuchs’ heterochromic 
iridocyclitis in Arffa and Schlaegel’s study, 
seven (10%) had lesions consistent with toxo- 
plasmosis. These investigators were strict in the 
determination of scars consistent with toxo- 
plasmosis. They excluded another 12 patients 
who had chorioretinal scars that could have 
been caused by toxoplasmosis, with at least two 
of these patients having positive tests for toxo- 
plasmosis.” Moreover, because this was a retro- 
spective review, we do not know if careful 
examination, especially of the peripheral reti- 
na, would have increased the number of pa- 
tients with chorioretinal scars. 

Other epidemiologic evidence is available 
that would suggest that the prevalence of cho- 
rioretinal scars in these patients with Fuchs’ 
heterochromic iridocyclitis in our study, as well 
as those patients described by Arffa and 
Schlaegel, is high. Smith and Ganley” found 
that only five of 842 patients (0.6%) of the 
general population in a Maryland community 
had chorioretinal scars suggestive of previous 
toxoplasmosis. Similarly, Maetz and associ- 
ates” described a prevalence rate of chorioreti- 
nal scars resembling toxoplasmosis in patients 
from Alabama that ranged from a low of six per 
1,000 to a high of 88 per 1,000.” 

Similarly, in my chart review of 792 patients 
with retinal abnormalities who had retinal 
drawings, I found a prevalence of no more than 
24 of 590 (4%) having scars typical of toxoplas- 
mosis. This may greatly overestimate the preva- 
lence of such scars in this population since I 
included any such scar based only on the retinal 
drawings. Although this patient group may 
have a Berksonian bias,” these patients do rep- 
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resent a referral group drawn from the same 
patient population as the ones with Fuchs’ 
heterochromic iridocyclitis. Still, it is impor- 
tant to realize that these patients with retinal 
abnormalities are not a random sample. All had 
retinal disorders, predominantly vascular and 
degenerative, and the selection of this group 
may have some inherent bias. 

The findings of Fuchs’ heterochromic iridocy- 
clitis can be subtle and evanescent. The scars of 
toxoplasmosis may be peripheral and may be 
missed without careful retinal examination. 
Cataract, commonly found in patients with 
Fuchs’ heterochromic iridocyclitis, may ob- 
scure observation of the peripheral retina. Al- 
ternatively, T. gondii may infect the eye in an 
unsuspected site other than the retina, such as 
the ciliary body, vitreous, or glial cell. The 
findings in five patients with Fuchs’ heterochro- 
mic iridocyclitis and positive T. gondii tests but 
no chorioretinal scars suggest this alterative 
site theory. Without an understanding of the 
prevalence of seropositivity in this population, 
however, these data may not be particularly 
useful. Perkins” reported that positive T. gondii 
tests were present in 792 of 1,065 patients 
(70%) with chronic anterior uveitis. Moreover, 
in some populations, nearly universal seroposi- 
tivity to T. gondii was found to occur by adult- 
hood.” 

Although other authors have described pa- 
tients with Fuchs’ heterochromic iridocyclitis 
and the chorioretinal scars of toxoplasmosis, 
this study provides epidemiologic evidence of 
an association between the posterior segment 
findings consistent with toxoplasmosis and the 
anterior segment findings of Fuchs’ heterochro- 
mic iridocyclitis. Alternatively, patients with 
ocular toxoplasmosis may coincidentally have 
physical findings that closely resemble Fuchs’ 
heterochromic iridocyclitis. The amount of 
anterior segment inflammation may be suffi- 
cient to cause the subtle changes such as het- 
erochromia, posterior subcapsular cataract, and 
low-grade inflammation. Indeed, five of the 16 
patents with Fuchs’ heterochromic iridocyclitis 
and chorioretinal scars did not have the typical 
keratic precipitates of Fuchs’ heterochromic iri- 
docyclitis. Perhaps ocular toxoplasmosis can 
create a chronic condition that can resemble 
Fuchs’ heterochromic iridocyclitis but not have 
the same pathogenesis. Nevertheless, future 
investigations should consider Fuchs’ hetero- 
chromic iridocyclitis to be related to or caused 
by an infectious agent such as T. gondii. 
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Histopathologic Evidence of Fibrovascular Ingrowth Four 
Weeks After Placement of the Hydroxyapatite Orbital 
Implant 





Carol L. Shields, M.D., Jerry A. Shields, M.D., Ralph C. Eagle, Jr., M.D., 
and Patrick De Potter, M.D. 


We studied the histopathologic findings af- 
ter placement of an orbital hydroxyapatite 
implant in a patient. The implant was placed 
after enucleation for a choroidal melanoma 
and was removed four weeks later because 
histopathologic examination of the enucleat- 
ed globe disclosed tumor invasion of the optic 
nerve that necessitated further orbital tissue 
removal. Our histopathologic findings con- 
firm that there is significant ingrowth of fibro- 
vascular tissue in these implants, even within 
weeks of implantation. 


Tue POROUS, coral-derived hydroxyapatite 
sphere is gaining popularity as an implant for 
anophthalmic orbits and is being used instead 
of the standard polymethylmethacrylate 
sphere.’ Clinical and histopathologic studies on 
the use of hydroxyapatite as a bone substitute 
in oral, maxillofacial, and orthopedic surgery 
have been encouraging.” Initial unpublished 
clinical studies using this material in orbital 
implant surgery have shown that increased mo- 
tility of the ocular prosthesis can be attained (A. 
Perry, M.D., oral communication, September 
1989). This was achieved by reattaching all six 
extraocular muscles to a hydroxyapatite sphere 
encased in sclera. Later, the prosthesis was 
connected to the vascularized hydroxyapatite 
implant through a surgically placed polymeth- 
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ylmethacrylate peg, which transferred the in- 
creased mobility of the implant to the prosthe- 
sis. The hydroxyapatite implant is infiltrated by 
fibrovascular tissue and thus becomes integrat- 
ed into the orbital tissues, which prevents the 
complications of extrusion and infection that 
have occurred frequently with previous orbital 
integrated implants.” The main benefit of the 
hydroxyapatite sphere implant is improved ap- 
pearance. The artificial eye is more natural in 
appearance because of increased mobility. We 
studied the histopathologic characteristics of a 
hydroxyapatite implant four weeks after im- 
plantation and found the presence and distribu- 
tion of the orbital fibrovascular tissue within 
the pores of the hydroxyapatite sphere. 





Case Report 





A 69-year-old white man who had visual loss 
in the right eye was found to have a choroidal 
melanoma on clinical examination, but he de- 
clined all treatment. Two months later, he re- 
turned with severe pain in the involved eye. 
The choroidal melanoma had grown and had 
produced neovascular glaucoma. The patient 
was referred to the Ocular Oncology Service at 
our institution for examination and treatment. 

On our examination, visual acuity was R.E.: 
counting fingers and L.E.: 20/20. Intraocular 
pressure was R.E.: 43 mm Hg and L.E.: 14 mm 
Hg. The left eye was normal. Examination of 
the right anterior segment disclosed diffuse iris 
neovascularization. Ophthalmoscopy showed 
an abruptly elevated, mushroom-shaped cho- 
roidal melanoma and a total retinal detach- 
ment. A-scan and B-scan ultrasonography dem- 
onstrated an echogenic mushroom-shaped 
choroidal mass measuring 12 mm in thickness 
Originating from the juxtapapillary choroid. 
There was no evidence of extraocular exten- 
sion, and the optic nerve shadow appeared 
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normal in caliber. Preoperative systemic exami- 
nation of the patient showed normal results and 
included a complete physical examination, 
chest x-ray, complete blood cell count, serum 
glutamic oxaloacetic transaminase, serum glu- 
tamic pyruvic transaminase, alkaline phospha- 
tase, and lactate dehydrogenase. 

The eye was removed by a minimal manipula- 
tion enucleation. A 20-mm, scleral-wrapped, 
porous hydroxyapatite orbital implant was in- 
serted (Fig. 1, top left). All six extraocular 
muscles were reattached to their normal ana- 
tomic positions on the implant (Fig. 1, top right, 
bottom left, bottom right). Postoperatively, the 
patient healed well. Histopathologic examina- 
tion of the enucleated eye disclosed a mixed- 
cell choroidal melanoma that had invaded the 
parenchyma and subarachnoid space of the 
anterior portion of the optic nerve. Although 
the tumor was not present in the transverse 
section of optic nerve at the surgical margin, 
the degree of subarachnoid invasion suggested 
intraorbital meningeal spreading. Postopera- 
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Fig. 1 (Shields and associates). Porous coral-derived hydroxyapatite orbital implant. Top left, Spherical 
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tively, computed tomographic scans of the orbit 
showed the calcified hydroxyapatite implant in 
good position, and the optic nerve appeared 
normal (Fig. 2). The findings were discussed 
with the patient, and it was decided to remove 
the remaining intraorbital optic nerve as well as 
the perineural orbital tissue. The patient de- 
clined an orbital exenteration or external beam 
radiotherapy, which were the other therapeutic 
options. 

Four weeks after implantation, the hydroxy- 
apatite sphere was removed along with a 22- 
mm segment of residual optic nerve that ex- 
tended to the orbital apex. Intraoperatively, all 
six extraocular muscles were found to be tightly 
adherent by their insertions to the scleral-coat- 
ed implant. They were hooked and detached as 
normal muscles would be handled. The hy- 
droxyapatite implant was delivered from the 
orbit without difficulty. The remainder of the 
optic nerve to the orbital apex was removed. 

Histopathologic examination of the residual 
optic nerve disclosed multiple aggregates of 
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implant and empty scleral shell that will cover the implant. Top right, Scleral-coated implant with windows cut 
for ingrowth of fibrovascular tissue. Bottom left, The implant is placed into the anophthalmic orbit and all 
extraocular muscles are reattached to their normal anatomic position. The lateral rectus muscle is being pulled 
toward its scleral window for attachment. Bottom right, Diagram illustrating the implanted hydroxyapatite 


sphere. 
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Fig. 2 (Shields and associates). Computed tomog- 
raphic scan (axial section) demonstrating the heavily 
calcified hydroxyapatite implant and the recti mus- 
cles attached to the implant. Note the remaining 
optic nerve in the posterior orbit. 


malignant melanoma cells in the pia mater and 
arachnoid. Immunoreactivity for melanoma- 
specific antigen (HMB-45) confirmed that the 
cellular aggregates were composed of melano- 
ma cells. The porous surface of the hydroxyapa- 
tite ball implant was visible through several 
windows in the covering of sclera ensheathing 
the implant. Hemorrhagic fibrovascular tissue 
adhered to the outer surface of the scleral shell. 
Decalcification was necessary to allow micro- 
scopic sectioning of the hydroxyapatite im- 
plant. 

Microscopic examination of the implant dis- 
closed a discontinuous shell of sclera that was 
partially covered by fibroadipose orbital tissue. 
In the interior of the shell, most of the prosthet- 
ic material had been dissolved by the decalcify- 
ing fluid, which produced an interconnected 
network of empty channels. Only a small 
amount of residual birefringent calcific material 
was noted focally. Eosinophilic granular serous 
or serosanguineous fluid filled the pores in the 
implant. Peripherally the serosanguineous fluid 
was invaded and replaced by an ingrowth of 
delicate fibrovascular tissue that appeared to 
emanate from the windows in the scleral shell 
(Figs. 3 and 4). Fibrovascular ingrowth was 
most extensive near the scleral defects, where 
fibrosis extended approximately 3 mm central- 
ly. A thin, irregular, focally basophilic conden- 
sation was present on the surface of the materi- 
al filling the pores. This was thought possibly to 
represent residual calcium or more likely early 
dystrophic calcification. The hydroxyapatite 
prosthetic material had elicited a relatively 
sparse inflammatory reaction consisting of rare 





Fig. 3 (Shields and associates). Approximately four 
weeks after implantation, ingrowth of fibrovascular 
tissue emanating from a window (W) in the scleral 
shell (S) invaded pores in the periphery of the coral- 
line hydroxyapatite sphere. An interconnected net- 
work of empty channels (E) was occupied by hy- 


droxyapatite before decalcification (Masson’s 


trichrome, X 25). 


foreign body giant cells. The inflammation was 
confined to the immediate vicinity of a large 
scleral window. Nearby, additional foreign 
body giant cells surrounded particulates of 
foreign material and multistranded suture ma- 
terial. 


Discussion 


Hydroxyapatite implants are made from spe- 
cific marine corals that have an interconnected 
porous structure. Closed passages or cul-de- 
sacs that could sequester organisms and predis- 
pose to infection are absent in this material. 
The porous material acts as a scaffold for the 
rapid ingrowth of vascularized connective tis- 
sue and bone.*”” Vascular ingrowth occurs 
along the walls of the pores in a creeping 
centripetal fashion from the periphery to the 
center of the implant. The use of hydroxyapa- 
tite in bone replacement has been studied. Such 
implants have been placed in direct contact 
with bone and have shown excellent biome- 
chanical function.’ Animal studies of hy- 
droxyapatite implants placed in soft tissue and 
not in contact with bone showed evidence of 
soft tissue ingrowth into the material." 

Although dry implants are brittle, hydroxy- 
apatite gains strength as its pores are infiltrated 
by connective tissue and bone. Animal studies 
have shown that fibrovascular ingrowth oc- 
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Fig. 4 (Shields and associates). Fibroblasts, capi- 
llaries, and areolar matrix of collagen fibrils consti- 
tute fibrovascular tissue (F) invading peripheral 
pores in the hydroxyapatite sphere. Granular inspiss- 
ated proteinaceous fluid (P) fills more centrally locat- 
ed pores at left. Arrows mark a linear rim of calcifica- 
tion (Masson’s trichrome, X 50). 


curred as early as two weeks after placement” 
and bone ingrowth at six weeks.” Host bone 
ingrowth in humans has been demonstrated in 
periodontal defects and in long bone defects.” 
Kenney and associates’ studied tissue samples 
from three patients who had periodontal de- 
fects treated with porous hydroxyapatite. Using 
light and scanning electron microscopy, they 
showed that connective tissue had infiltrated 
through the pores and a narrow zone of bone 
formation was present along the walls of the 
pores three months after implantation. Four 
months and six months after implantation, con- 
tinued bone formatien was evident with lamell- 
ar bone being promiment. 

The orbital implantation differs from the 
maxillofacial and orthopedic implantation in 
that the material is not in direct contact with 
bone. Our findings confirm the theory that the 
material becomes vascularized when it is 
placed in soft tisswe, such as in the human 
orbit. At four weeks, a significant amount of 
fibrovascular ingrowth was demonstrated in 
our patient, most notably at the sites of the 
scleral windows. A narrow rim of calcification 
thought possibly to represent early bone depo- 
sition also was found. Hydroxyapatite is well 
tolerated by the human orbit. Only rare foreign 
body giant cells were seen in contact with the 
implant material. 

The primary reason for the use of hydroxyap- 
atite in the orbit is the material’s ability to 





become an integrated part of the orbital tissues, 
which makes it less likely to extrude when a 
peg of foreign material is placed in a hole 
drilled in its center. We have now used more 
than 50 hydroxyapatite implants after enuclea- 
tion for melanoma and retinoblastoma. None of 
these have developed infection or extrusion of 
the implant. We have demonstrated that fibro- 
vascular invasion occurs at an early stage after 
implantation. Vascular ingrowth could proba- 
bly be encouraged even more rapidly with the 
use of more scleral windows or larger scleral 
windows as the vessels have been documented 
in our study to enter the hydroxyapatite 
through these apertures. 
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EDITORIAL 





In Defense of Animal Research 


Gunter K. von Noorden 


Animal rights groups in the United States and 
Great Britain have threatened repeatedly the 
continuation of vision research. The activities 
of these groups have ranged from intimidation 
and death threats directed at individual scien- 
tists to the infliction of physical damage to 
property, amounting to millions of dollars. Ir- 
replaceable research data have been destroyed 
and experimental animals have been “‘liberat- 
ed.” The growing trend of violence in extreme 
animal rights organizations has recently esca- 
lated with the bombing of two cars of university 
veterinarians at Bristol University in England, 
during which a baby was injured severely. The 
goal of most animal rights groups is the cessa- 
tion of all biomedical research that uses ani- 
mals. Powerful lobbying efforts are underway 
in the United States and other countries to 
influence legislators to this effect. 

These activities should not be confused with 
those of other organizations who are not op- 
posed to animal research but are concerned 
with welfare and humane treatment of labora- 
tory animals. Strict government and local uni- 
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versity policies regarding animal welfare are 
now in effect. The abuse of experimental ani- 
mals in biomedical research has become a thing 
of the past, since adherence to these policies is 
mandatory for all recipients of research grants 
from the National Institutes of Health. 
Ophthalmologists should be aware that cor- 
neal transplantation, antiviral drugs, or the 
excimer laser are but a few examples of advanc- 
es that would not have come about without 
animal research. What may be less well known 
are the contributions to the knowledge of nor- 
mal and abnormal visual development from 
experiments in cats and monkeys. Much of this 
work has been published in basic science jour- 
nals to which most clinicians have only limited 
access. Since it is this research that has most 
recently come under attack at the universities of 
California (Berkeley), North Carolina (Greens- 
boro), Oregon, and Oxford, it is appropriate to 
recall how our current thinking and under- 
standing about amblyopia have benefitted from 
this work. Because of its clinical relevance, | 
have selected amblyopia from the vast pool 
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of animal research data that are beginning to 
unveil how the visual system develops and 
functions under normal and abnormal circum- 
stances. 

Experiments in amblyopic cats and monkeys 
have identified structural defects in the genicu- 
late-striate pathways and _ neurophysiologic 
functional defects of single cells in the visual 
cortex. In studying the different characteristics 
of these disturbances in the brains of monkeys 
with strabismic, anisometropic, and form vi- 
sion deprivation amblyopia, it has become pos- 
sible to identify visual deprivation and abnor- 
mal binocular interaction as the two factors that 
act individually or in unison to produce the 
clinically different forms of amblyopia.’ We are 
beginning to understand the mechanism of am- 
blyopia on a cellular level! 

Despite the enormous accumulation of im- 
portant psychophysical, behavioral, and elec- 
trophysiologic research data from human am- 
blyopia research, this information could not 
have been obtained without animal experi- 
ments. The reason is simple: invasive extracel- 
lular recordings from the striate cortex, for 
obvious reasons, cannot be performed in hu- 
mans. Moreover, the brain from a human with 
amblyopia had never become available for his- 
tologic analysis, and if it had we would not have 
known where in the brain to look for anoma- 
lies. Armed with the knowledge from animal 
experiments, however, we have been able to 
return to the clinical laboratory and describe 
histologic changes similar to those described in 
animals’ in the braia from a human with ambly- 
opia. Positron emission tomography scans have 
shown metabolic disturbances in parts of the 
striate cortex of humans with amblyopia that 
were known from animal experiments to be 
affected.’ 

The validity of the animal model has now 
been firmly established and the nature of some, 
though not necessarily all, events in the ambly- 
opic afferent visual pathways have been identi- 
fied. We can now turn our attention to finding 
new methods for the reversal of amblyopia. 
Although patching still remains the mainstay of 
effective treatment in young children, amblyo- 
pia in adults remains untreatable. Conversely, 
the potential for recovery must exist, as we have 
learned from clinical observations in some pa- 
tients with amblyopia whose vision improved 
dramatically after loss of the good eye.’ The 
neurochemistry of visual inhibition and its re- 
versal as it exists in suppression and amblyopia 
has emerged as a promising field for future 
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vision research for which the use of animal 
models will be indispensable. 

Much of this research is only at its beginning 
and, as the critics of animal experiments are 
readily pointing out, may at this time be of 
theoretical value only. However, one cannot 
predict which subject of theoretical interest 
today may tomorrow become the cornerstone of 
an important clinical breakthrough. 

Has the practical management and preven- 
tion of amblyopia improved as a result of ani- 
mal research? Twenty-five years ago, congenital 
cataracts were operated on infrequently before 
the age of 2 or 3 years. After the operation, the 
eye was then left uncorrected until the child 
became old enough to tolerate spectacles or 
contact lenses. The amblyopiogenic effect of the 
uncorrected aphakic anisometropia was not at 
all appreciated by clinicians. As one may ex- 
pect, the visual results after late surgery and 
uncorrected anisometropia were abysmal. 

Increased awareness of the extraordinary 
sensitivity of the immature visual system and 
the discovery of sensitive periods from animal 
experiments have revolutionized our clinical 
management of congenital and traumatic cata- 
racts, or other conditions that interfere with 
normal visual development. Cataracts are now 
removed routinely in early infancy, followed by 
immediate aphakic correction and, in unilateral 
instances, by rigorous amblyopia therapy. Sim- 
ilar guidelines have become accepted for the 
management of other obstacles to normal bin- 
ocular visual stimulation in infants, such as 
corneal opacities, hyphemas, vitreous hemor- 
rhages, and complete blepharoptosis. 

In appreciating the importance of animal re- 
search, we must also remember the discovery of 
the unexpected during an experiment originally 
designed for a different purpose. Eyelid suture 
in kittens and infant monkeys deregulates the 
axial growth of the eye and causes large refrac- 
tive errors, which owes its discovery to seren- 
dipity.” Clinical studies in human patients have 
confirmed this phenomenon, which has added 
an entirely new and fascinating dimension to 
the origin of human refractive errors.’ 

Why this editorial? In view of the activities of 
animal rights groups, the public must come toa 
better understanding and appreciation of the 
benefits derived from animal research. We, as 
physicians, should not underestimate our po- 
tential in public education. Most patients actu- 
ally do listen to us. After successful treatment 
of amblyopia or visual rehabilitation after cata- 
ract surgery in childhood, the comment: “We 
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were abie to help your child because of research 
that is now being threatened by animal rights 
groups,” can be most effective in this endeavor. 
The time to get involved is now! 





Reprint requests to Gunter K. von Noorden, M.D., 
Department of Ophthalmology, Texas Children’s Hospi- 
tal, P.O. Box 20269, 6621 Fannin, Houston, TX 77225. 
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DECLARATION ON ANIMALS IN MEDICAL RESEARCH 
In view of the threat to medical research posed by increasingly vocal and 
violent campaigns for the abolition of animal experimentation, we make 


the following declaration. 


Experiments on animals have made an important contribution to advanc- 
es in medicine and surgery, which have brought major improvements in the 


health of human beings and animals. 


Continued research involving animals is essential for the conquest of 
many unsolved medical problems such as cancer, AIDS, other infectious 
diseases, and genetic, developmental, neurological, and psychiatric condi- 


tions. 


Much basic research on physiological, pathological, and therapeutic 
processes still requires animal experimentation. Such research has provid- 
ed and continues to provide the essential foundation for improvements in 
medical and veterinary knowledge, education, and practice. 

The scientific and medical community has a duty to explain the aims and 
methods of its research, and to disseminate information about the benefits 


derived from animal experimentation. 


The comprehensive legislation governing the use of animals in scientific 
procedures must be strictly adhered to. Those involved must respect animal 
life, using animals only when essential and as humanely as possible, and 
they should adopt alternative methods as soon as they are proved to be 


reliable. 


Freedom of opinion and discussion on this subject must be safeguarded, 
but violent attacks on people and property, hostile campaigns against 
individual scientists, and the use of distorted, inaccurate, or misleading 
evidence should be publicly condemned. 

British Association for the Advancement of Science 
Reprinted with permission. Br. Med. J. 301:460, 1990. 
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Aberrant Extraocular Fibrous Band 
as a Cause of Strabismus 


Abraham Spierer, M.D., 

Howard Desatnik, M.D., 

and Yomtov Robert Barishak, M.D. 
Goldschleger Eye Institute, Chaim Sheba Medical 


Center, and Sackler School of Medicine, Tel Aviv 
University. 


Inquiries to Abraham Spierer, M.D., Goldschleger Eye 
Institute, Sheba Medical Center, Tel-Hashomer 52621, 
Israel. 


Congenital anomalies of the extraocular mus- 
cles and tendons, including absence, hypopla- 
sia, fusion, bifurcation, reduplication, or ab- 
normal insertion of the extraocular muscles, 
fascial anomalies, and fibrous bands,’ cause 
strabismus of peripheral origin. Such anoma- 
lies may result in incomitant strabismus, which 
resembles a neurogenic defect of the extraocu- 
lar muscle. The forced duction test is helpful in 
distinguishing between a neurogenic and a re- 
strictive defect. 

A 10-month-old boy had strabismus since 
birth. His birth weight was 3,000 g, after a 
normal gestation and delivery. He had not 
undergone any previous surgery. The patient's 
parents both had myopia, and there was no 
history of strabismus in the family. 

On examination the child had a face turn to 
the left. Fixation with the right eye was steady, 
and his eyes could follow small objects. With 
his left eye, the patient had central fixation, and 
the eye was steady and could follow moving 


objects. The right eye was in an extreme posi- 
tion of abduction. There was limitation in ele- 
vation and depression of the right eye. On 
attempted adduction there was mild globe re- 
traction of the right eye. No proptosis, enoph- 
thalmos, or blepharoptosis were noted. The left 
eye had normal ductions. The anterior segment 
and fundus were normal in both eyes. Pupillary 
reactions were normal. Cycloplegic refraction 
was +2.25 in both eyes. The forced duction test 
performed under general anesthesia disclosed 
restriction in adduction of the right eye; that is, 
the globe could not be moved beyond the mid- 
line. Elevation and depression were normal. 
Results of the forced duction test of the left eye 
were normal. On orbital computed tomograph- 
ic scans the globe was shown in a full abduction 
position. No anomaly of the extraocular mus- 
cles was found, except for minimal thinness of 
the medial rectus muscle. 

During surgery, while trying to engage the 
lateral rectus muscle through a conjunctival 
fornix incision, we found a fibrotic band. The 
band was 2.5 mm wide and was inserted in the 
sclera at the 9 o’clock meridian, approximately 
1.0 mm from the corneoscleral limbus, and 
extended toward the orbital apex, parallel to 
and separated from the lateral rectus muscle 
(Figure). The band was cut at the corneoscleral 
limbus, and approximately 15.0 mm of the band 
was extirpated. Thereafter, results of the forced 
duction test were negative. The right lateral 
rectus muscle was recessed 6.0 mm. Postopera- 
tively there was a residual right exotropia of 20 
degrees. Ocular movements showed mild limi- 
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Figure (Spierer, Desatnik, and Barishak). Extraocu- 
lar fibrous band inserted in the sclera adjacent to the 
corneoscleral limbus. 


tation in adduction of the right eye with mini- 
mal limitation in elevation or depression. 

Pathologic examination disclosed fibrous tis- 
sue, partially dense and partially loose, with 
sections of capillaries and peripheral nerves. 
No muscle tissue was noted as confirmed by 
Masson’s trichrome and periodic acid-Schiff 
stains. 

Our patient had a clinical course similar to 
that of a partial congenital oculomotor nerve 
paralysis in his right eye. Absence of adduction, 
elevation, and depression could have repre- 
sented paralysis of the medial, superior, and 
inferior recti muscles, respectively. Positive re- 
sults of the forced duction test on attempted 
adduction, however, were not consistent with 
an oculomotor nerve paralysis. The fibrous 
band found during surgery kept the eye at the 
extreme abducted position and caused retrac- 
tion of the globe on attempted adduction. The 
positive results of the forced duction test were 
also explained by this aberrant band. 

Spielman’ described a patient with Duane’s 
retraction syndrome in whom there was a verti- 
cal restriction in addition to horizontal ocular 
movement limitation. This was explained by 
the contraction on vertical gaze of the overly 
tight horizontal recti muscles. In our patient, 
the aberrant band could have pulled the eye 
tightly against the medial rectus muscle, thus 
keeping the globe in a restricted position that 
affected the vertical movements. Extirpating 
the fibrotic band significantly improved the 
horizontal as well as the vertical ocular move- 
ments. 

In 1964, Goldstein’ reported a similar case of 
congenital fibrous band. His patient underwent 





two surgical procedures to correct hypotropia 
and esotropia. Nevertheless, the patient was 
still unable to elevate the eye. During the third 
operation, three fibrous bands were identified 
approximately 15.0 mm from the corneoscleral 
limbus. The bands were inserted into the sclera, 
and their posterior ends disappeared into the 
back of the orbit. As in our case, no connection 
between the bands and the extraocular muscles 
was noted. 
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In 1936, Marshall’ reported that 42 of 70 eyes 
(60%) operated on showed changes in refrac- 
tion after strabismus surgery. More recent stud- 
ies seem to confirm that significant refractive 
changes may occur, particularly with regard to 
astigmatism, but that these changes usually do 
not persist beyond the early postoperative peri- 
od.*’ Fix and Baker’ reported that only 3% of 
their patients had changes of at least 1 diopter 
of astigmatism at one year postoperatively. 
Most authors have attributed these refractive 
changes to a change in corneal astigmatism.” 
Kushner’ has shown that oblique muscle sur- 
gery is often accompanied by a change in the 
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axis of astigmatism. We treated a patient with 
generalized fibrosis syndrome who had a sig- 
nificant and persistent change in refractive er- 
ror after strabismus surgery. 

A 2-week-old girl was first examined by a 
pediatric ophthalmologist (M.G.) because she 
had marked blepharoptosis. At that time, the 
patient had a +2.00 refraction bilaterally. She 
was reexamined on numerous occasions be- 
cause of her marked blepharoptosis and chin- 
up posture, a generalized decrease in ocular 
movements with infraduction of the globes bi- 
laterally, facial weakness, and difficulty with 
swallowing. At 2 years of age, cycloplegic re- 
fraction had progressed to R.E.: —16.00 +10.00 
x 105 and L.E.: —16.00 +8.00 xX 75. Repeat 
refraction measurement several weeks later was 
R.E.: —16.00 +8.00 x 90 and L.E.: —16.00 
+8.00 x 90. The patient’s refraction was inde- 
pendently measured by two additional pediat- 
ric ophthalmologists, and these measurements 
were nearly identical to the initial measure- 
ment. Because of the patient’s significant chin- 
up posture and marked infraduction of the 
globes, she underwent bilateral inferior rectus 
muscle recession of 12 mm and total inferior 
rectus muscle disinsertion in each eye. Forced 
duction testing at the time of the initial opera- 
tion disclosed significant restriction to eleva- 
tion. 

Repeat refraction measurements two months 
after the operation disclosed a refractive error 
of R-E.: —12.00 +5.00 x 100 and L.E.: =12,00 
+5.00 x 90. Because of the marked change, 
refraction was again measured at four months 
and six months after the final operation. The 
myopia and astigmatic error had decreased to 
R.E ~6.50 41,50 A 90 and L-E: =5.00 +2.00 
x 105. One year later, visual acuity was 20/50 
in each eye with this refraction. 

The findings in our patient are unusual in the 
degree to which the refractive error changed 
after strabismus surgery. Whereas other au- 
thors have speculated that smaller, more tran- 
sient changes in postoperative astigmatism are 
caused by eyelid swelling or by a change in the 
position of the eye relative to the eyelids, the 
findings in our patient seem to confirm that 
larger changes in astigmatism with their longer 
duration are likely to result from a variation in 
the force that the muscles exert on the globe.’ In 
this case, the fibrotic and shortened inferior 
recti muscles appear to have been the cause of 
the corneal steepening at 90 degrees. The re- 
versibility of the astigmatism after inferior rec- 
tus muscle disinsertion lends further support to 


these muscles being responsible for the preop- 
erative astigmatism in this patient. 
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Calculating mean visual acuity on a series of 
patients has been done incorrectly in most 
studies, which leads to a significant overesti- 
mate or underestimate of the true mean visual 
acuity. The basic problem relates to the differ- 
ence between the arithmetic and geometric 
mean of a set of numbers. For the correct mean 
visual acuity, calculating the geometric mean 
yields the proper value. 

Modern visual acuity charts are designed so 
that the letter sizes on the chart follow a geo- 
metric progression (that is, advance in uniform 
steps on a logarithmic scale).’ The International 
Council of Ophthalmology Committee on opto- 
types accepted the original recommendation of 
Green’ to have the letter sizes change by 0.1-log 
unit steps, which is equivalent to letter sizes 
changing by a factor of 1.2589 between lines.’ 
This standard led to the LogMAR (logarithm of 
the minimum angle of resolution) notation’ as 
plotted in the Figure. 

The letter sizes between 20/10 and 20/200 
progress in a linear fashion on a logarithm 
scale, and visual performance midway between 
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Figure (Holladay and Prager). The true geometric 
mean visual acuity between Patient 1 with visual 
acuity of 20/200 (Point A) and Patient 2 with visual 
acuity of 20/20 (Point B), is 20/63 (Point C). The 
incorrect arithmetic mean obtained by taking the 
average of the decimal visual acuities or Snellen 
fractions is 20/36 (Point D). The arithmetic mean 
obtained by taking the average of the Snellen visual 
acuity denominators or visual angles is 20/110 
(Point E). Arithmetic means severely overestimate or 
underestimate the true geometric mean visual acuity. 


20/200 (line 1) and 20/20 (line 11) is 20/63 
(line 6) (Figure). This visual acuity of 20/63 is 
the geometric mean of these two visual acuities. 
Mathematically, the geometric mean is calcu- 
lated by taking the logarithm of each of the 
sample values, determining the average of the 
logarithm values, then taking the antilogarithm 
of this average. In this example, the logarithm 
of 20/200 (point A in the Figure) is —1.0 and 
the log of 20/20 (point B in the Figure) is 0. The 
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average would be —0.50, for which the antilog- 
arithm is decimal 0.32 or a Snellen notation of 
20/63 (point C in the Figure). 

In our example, if we were to calculate the 
inappropriate arithmetic mean using the deci- 
mal values, as suggested most recently by Vila- 
Coro and Vila-Coro,’ we would obtain an aver- 
age decimal value of 0.55 ([0.1 + 1.0]/2) or 
20/36 (point D in the Figure). This method 
overestimates the true geometric mean visual 
acuity and minimizes the contribution of the 
poor visual acuity samples. 

A second incorrect method is to take the 
arithmetic mean of the minimum angle of reso- 
lution, which is equivalent to taking the aver- 
age of the denominators of the Snellen nota- 
tion. Pincus‘ used this method to determine the 
average visual acuity for a given refractive er- 
ror. Using this incorrect method in our previous 
example, the mean visual acuity would have 
been 20/110 ({200 + 20]/2). This arithmetic 
method will severely underestimate the actual 
geometric mean visual acuity (point E in the 
Figure). If one takes the geometric mean of the 
Snellen denominators, the minimum visual an- 
gles of resolution, or the Snellen fractions or 
decimals, the result is the same, 20/63, which 
is the correct result. 

Fortunately, with the newer visual acuity 
charts (for example, Bailey-Lovie, ETDRS, 
PERK) that have an equal number of letters ona 
line and a constant geometric progression be- 
tween lines, the actual line numbers are directly 
proportional to the logarithm of the visual 
acuity, as we have shown previously.’ When 
these charts are used, the geometric mean visu- 
al acuity is more simply obtained by calculating 
the arithmetic mean of the number of lines or 
letters correct, then converting the result to the 
corresponding Snellen visual acuity.’ With 
many standard projector charts, however, in 
which the number of letters on each line are not 
equal or the progression is not consistent (for 
example, the 20/125 and 20/160 lines are miss- 
ing and a 20/70 line should not be present), 
this simple method may not be used and the 
logarithmic method is necessary. 

Likewise, when other statistical analyses are 
performed on visual acuity, such as correlation 
coefficients or standard deviations, they must 
be calculated using the logarithm of the visual 
acuity or logarithm of the visual angle as Sloan’ 
has shown in her correlations of visual acuity 
with refractive error. Care should be taken by 
authors and reviewers to assure that these prin- 
ciples are followed so that mean visual acuity 
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presented in a study is valid and comparable to 
other studies. Unfortunately, many of the mean 
visual acuities in published reports have used 
one of the two incorrect arithmetic methods, 
which make most comparisons of mean visual 
acuity invalid. 
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Infectious crystalline keratopathy is charac- 
terized clinically by a branching, crystalline 
infiltrate within cornea! stroma, with minimal 
or no inflammation, and no necrosis or edema.’ 
In a patient described by Gorovoy and associ- 
ates,' the diagnosis of a bacterial infiltrate was 
not made until the cornea was examined histo- 
logically. Many of these cases have occurred 
after penetrating keratoplasty. It would seem 
reasonable that the deep, but not perforating, 
incisions made in the cornea for keratorefrac- 
tive purposes might also inadvertently become 
colonized in a similar manner. 


A 75-year-old woman underwent penetrating 
keratoplasty in the left eye for aphakic bullous 
keratopathy in July 1989. Postoperative visual 
acuity was poor because of residual astigma- 
tism, reduced somewhat by selective suture 
removal by photokeratoscopy. However, 11 di- 
opters of astigmatism remained, with the steep 
meridian at 150 degrees. In May 1990, two 
relaxing incisions were placed by the method 
described by Lindquist.” The patient was given 
1% prednisone eyedrops four times per day, 
and visual acuity improved to 20/70. Three 
months after this procedure, rounded crystal- 
line-appearing infiltrates were seen on both 
sides of one of the incisions (Fig. 1). Visual 
acuity had decreased to 20/300. She was treat- 
ed with tobramycin/dexamethasone eyedrops 
every two hours for 72 hours, with slight im- 
provement in vision. The antibiotic was then 
changed to chloramphenicol. 

The patient underwent repeat penetrating 
keratoplasty. The corneal button was placed in 
routine 10% buffered formalin for light micros- 
copy. Both of the relaxing incisions were identi- 
fied, and the button was bisected perpendicular 
to these incisions. 

Microscopically, corneal epithelium lined the 
entire depth of one incision. The opposite inci- 
sion was partially lined by epithelium. Gram- 
positive cocci were present within stroma adja- 
cent to the epithelial lining for almost the entire 
depth of the opposite incision, corresponding 
to the infiltrates seen clinically. The bacteria 
also extended away from the incision edges 
within pre-Descemet’s stroma (Fig. 2). 

More than 17 cases of infectious crystalline 





Fig. 1 (Kincaid, Fouraker, and Schanzlin). Clinical 
appearance of the infiltrate (arrows) along one of the 
relaxing incisions. The other incision is free of infil- 
trates. 
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Fig. 2 (Kincaid, Fouraker, and Schanzlin). Micro- 
scopic appearance of the bacteria along the incision 
vertically and extending horizontally in the pre- 
Descemet’s area (arrows) (Brown-Brenn, X 156). 


keratopathy, a term coined by Meisler and asso- 
ciates,* have been reported. Most have been 
various species of bacteria, but in two cases, 
fungi were demonstrated that responded to 
appropriate therapy.’ Two factors seem to be 
common to the cases: an epithelial defect, usu- 
ally from a surgical incision or site of a suture; 
and immunosuppression, most often from in- 
tensive topical corticosteroid therapy. The in- 
fectious agent apparently gains entrance 
through the epithelial defect and remains with- 
in stroma even after the defect has healed. 

Both of these factors were noted in our pa- 
tient. The relaxing incisions, according to usual 
procedure, were not sutured. The patient had 
continued the corticosteroid eyedrops from the 
time the incisions were made. Careful follow- 
up to recognize infection as early as possible in 
these patients may allow conservative therapy. 
If the infiltrate increases in size despite appro- 
priate antibiotics, however, penetrating kerato- 
plasty is usually required. 
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Drug-induced cicatricial pemphigoid has 
been reported after long-term topical adminis- 
tration of several medications.’* The clinical 
and microscopic findings in pseudopemphigoid 
are similar to ocular cicatricial pemphigoid.*” 
Rarely have intercellular immunoglobulins 
been found in the conjunctival epithelium of 
both pseudopemphigoid and cicatricial pem- 
phigoid.’ We treated a patient with pseudo- 
pemphigoid after short-term idoxuridine ther- 
apy. 

A 36-year-old man had been treated eight 
years previously with idoxuridine eyedrops for 
two weeks because of herpetic keratitis in the 
left eye. One year later, the patient developed 
recurrent conjunctival erosions, conjunctival 
scarring, and trichiasis. On examination, visual 
acuity was 20/20 and intraocular pressure was 
16 mm Hg in each eye. Results of slit-lamp 
examination of the right eye were unremarka- 
ble, but examination of the left eye disclosed 
trichiasis, symblepharon, and conjunctival 
scarring. Breakup time was abnormal (four sec- 
onds), and conjunctival rose bengal staining 
was noted. 

Two snip biopsy specimens were taken from 
the inferior fornix conjunctiva of each eye. One 
was processed routinely for histopathologic ex- 
amination, and the second was frozen. Cryostat 
sections were tested for immunoglobulins, 
complement, albumin, properdin, and fibrino- 
gen. 
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Fig. 1 (Kremer, Rozenbaum, and Aviel). Light mi- 
croscopy of the left inferior fornix conjunctiva show- 
ing complete absence of goblet cells, squamous epi- 
thelial metaplasia, subepithelial fibrosis, and mild 
chronic inflammation (hematoxylin and eosin, X 
250). 


The right conjunctiva was normal, whereas 
the affected left conjunctiva showed a complete 
absence of goblet cells, squamous metaplasia, 
subepithelial fibrosis, and mild chronic inflam- 





2i 





mation (Fig. 1). No immunoglobulins were 
found along the basement membrane with im- 
munofluorescent examination. Epithelial inter- 
cellular staining was ‘ound for IgG (Fig. 2, left), 
IgA, complement 3, albumin (Fig. 2, right), and 
fibrinogen. Staining was negative for IgD, IgE, 
properdin, and complement 4 and 19. We did 
not detect circulating anticonjunctival antibod- 
ies. 

Pseudopemphigoid induced by long-term lo- 
cal drug administration was first described by 
Patten, Cavanagh, and Allansmith.' Fiore, 
Jacobs, and Goldberg’ found that it may be a 
self-limiting disease or may progress to con- 
junctival scarring and epidermalization despite 
medication withdrawal and corticosteroid 
treatment. They proposed that it represents a 
spectrum of diseases, ranging from a self-limit- 
ing toxic form to progressive autoimmune phe- 
nomenon. 

The immunohistochemical results vary in dif- 
ferent reports,” including immunoglobulin 
staining of the basement membrane, subepithe- 
lial plasma cells, or both. Intercellular immuno- 





Fig. 2 (Kremer, Rozenbaum, and Aviel). Left, Immunofluorescent microscopy of the left inferior fornix 
conjunctiva showing intraepithelial intercellular staining for IgG (immunofluorescent anti-IgG staining, X 250). 
Right, Immunofluorescent microscopy of the left inferior fornix conjunctiva showing intraepithelial intercellular 
staining for albumin. The subepithelial wide band of fluorescence is a nonspecific finding (immunofluorescent 
anti-albumin staining, X 250). 
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globulins have rarely been reported.! 

Lass, Thoft, and Dohlman’ reported irreversi- 
ble conjunctival cicatrization after long-term 
idoxuridine therapy. Results of immunofluores- 
cence were negative or nonspecific, and no 
circulating autoantibodies were detected. They 
maintained that pseudophemphigoid has no 
immunologic basis but rather is a toxic reaction. 

The epithelial intercellular immunoglobulin 
staining found in our patient after short-term 
idoxuridine administration may indicate an im- 
munologic mechanism. As idoxuridine is non- 
selectively activated in normal epithelial cells, 
it may disrupt DNA synthesis, after which the 
cell membrane becomes immunogenic. Addi- 
tionally, chemical injury of the surface epitheli- 
um by iodine may change its antigenic proper- 
ties. The absence of circulating autoantibodies 
may indicate that pseudopemphigoid is a local 
autoimmune disease, in addition to its toxic 
aspect. 
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Systemically administered antimuscarinics 
can cause decreased aqueous tear secretion 


from the lacrimal gland, which is innervated by 
parasympathetic fibers of the seventh cranial 
nerve.” Subcutaneous administration of atro- 
pine sulfate markedly reduced tear production 
in dogs’ and cats.' In humans, subcutaneous 
injection of atropine sulfate (1 mg) decreased 
lacrimal secretion by almost 50%, and oral 
atropine sulfate (1 to 2 mg) reduced tear pro- 
duction from 15 pl/minute to 3 p1/minute.’ We 
treated a patient with keratoconjunctivitis sicca 
caused by high doses of diphenoxylate hydro- 
chloride with atropine sulfate (Lomotil). 

A 47-year-old man had undergone a gastrec- 
tomy and vagotomy for a perforated duodenal 
ulcer in 1968. The postoperative course was 
complicated by severe chronic diarrhea that 
was unresponsive to surgical intervention and 
could only be controlled by daily medication 
containing 25 to 75 mg of diphenoxylate hydro- 
chloride combined with 0.25 to 0.75 mg of 
atropine sulfate (ten to 30 tablets). To discour- 
age deliberate overdosage, atropine is added to 
the active narcotic, diphenoxylate. 

In the mid-1980s, the patient noted the grad- 
ual onset of ocular irritation, burning, photo- 
phobia, and injection. Examination disclosed a 
decreased tear meniscus and punctate epitheli- 
al keratopathy. A diagnosis of tear deficiency 
was made, but treatment with artificial tears 
and punctal occlusion was unsuccessful. The 
condition worsened, and on several occasions 
large epithelial defects that were attributed to 
tear deficiency appeared spontaneously. With 
oral supplementation, vitamin A levels were 
within normal limits. 

To investigate the possibility that diphenoxy- 
late hydrochloride with atropine sulfate exacer- 
bated the tear deficiency, we initiated a course 
of therapy with atropine sulfate—free diphenox- 
ylate hydrochloride obtained from the manu- 
facturer. Within 48 hours, there was a dramatic 
improvement in symptoms and resolution of 
the corneal abnormalities. During the next four 
months, the patient’s regimen was switched 
from the atropine sulfate-containing drug to 
the atropine sulfate—free drug four times. Each 
time, there was a significant subjective and 
objective improvement on the atropine sulfate- 
free preparation. 

Schirmer’s test (five minutes without anes- 
thesia) was performed on four occasions when 
the patient was taking 20 tables daily of di- 
phenoxylate hydrochloride with atropine sul- 
fate and on four occasions when he was taking 
20 tablets daily of diphenoxylate hydrochloride 
without atropine sulfate. All tests were per- 
formed by the same observer at the same time 
of day. Results for the right eye were 0.25 + 
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0.14 mm and 2.25 + 0.83 mm with and without 
atropine sulfate, respectively. Results for the 
left eye were 0.0 + 0.0 mm and 1.25 + 0.59 mm 
with and without atropine sulfate, respectively. 
The difference between eyes was not signifi- 
cant, but the difference between measurements 
with and without atropine sulfate was signifi- 
cant (P < .01, analysis of variance). 

The dosage of medication required by our 
patient (ten to 30 tablets per day containing 
0.25 to 0.75 mg of atropine sulfate) was higher 
than the maximum recommended dosage (eight 
tablets per day), and the duration of treatment 
was unusually long. The Schirmer’s test result 
when the patient did not take atropine sulfate- 
containing tablets was also abnormal, suggest- 
ing that the patient might have an underlying 
tear disorder. Nevertheless, the use of diphen- 
oxylate hydrochloride with atropine sulfate 
was clearly associated with the signs and symp- 
toms of severe keratoconjunctivitis sicca. 

The findings in this patient demonstrate that 
diphenoxylate hydrochloride with atropine sul- 
fate can cause severe keratoconjunctivitis sicca 
in susceptible individuals. It also emphasizes 
the need to obtain a complete history of system- 
ic medications when examining patients with 
tear deficiency. 
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The Oculocardiac Reflex During 
Enucleation 
Paul M. Munden, M.D., 
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Department of Ophthalmology, University of Iowa 
Hospitals and Clinics. 


Inquiries to Keith D. Carter, M.D., Department of 
Ophthalmology, University of lowa Hospitals and Clin- 
ics, Ilowa City, IA 52242. 

Cardiac arrhythmias generated by the oculo- 
cardiac reflex are well-known complications of 
ocular surgery.’ Traction on the extraocular or 
eyelid muscles, compression of the globe, intra- 
ocular and retrobulbar injection, iris traction, 
and retinal reattachment surgery are proce- 
dures that can induce the oculocardiac reflex.’” 
Previous reports have emphasized the associa- 
tion between extraocular muscle traction dur- 
ing enucleation procedures and the induction 
of cardiac arrhythmias.'’* We performed enucle- 
ations on the eyes of three patients who 
developed transient cardiac arrhythmias during 
clamping of the optic nerve. 


Case 1 

A 9-year-old boy, who underwent lensecto- 
my and anterior vitrectomy at 5 weeks of age for 
persistent hyperplastic primary vitreous, had a 
blind, painful right eye. The right eye was 
enucleated under general anesthesia. Atropine, 
0.2 mg, was given intravenously before intuba- 
tion. Upon clamping of the optic nerve, the 
patient had an eight-beat run of bigeminy, 
which resolved spontaneously. The optic nerve 
was cut and cauterized, and pressure was ap- 
plied over the orbital contents. Additional 
beats of bigeminy were noted with the pressure. 
The arrhythmias resolved spontaneously with- 
out hemodynamic compromise. 


Case 2 

A 47-year-old woman with malignant mela- 
noma of the left eye underwent an enucleation 
under general anesthesia. Atropine, 0.4 mg, 
was given intramuscularly before intubation. 
Upon clamping the optic nerve, transient atrio- 
ventricular disassociation and frequent prema- 
ture ventricular complexes were noted. Glyco- 
pyrrolate, 0.2 mg, was given intravenously for 
sinus bradycardia and the nodal rhythm. The 
arrhythmias resolved without hemodynamic 
compromise. 


Case 3 

A 24-year-old man with malignant melano- 
ma of the left eye underwent an enucleation 
under general anesthesia. Upon clamping the 
optic nerve, the patient developed a sinus 
bradycardia at a rate of 47 beats per minute. 
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Atropine, 0.8 mg, was given intravenously with 
the heart rate returning to normal and no hemo- 
dynamic compromise. 


All patients were discharged from the hospi- 
tal the following day without evidence of post- 
operative complications. 

Sinus tachycardia, ectopic beats, bidirection- 
al junctional tachycardia, and bradycardia have 
been reported during enucleation procedures 
performed under general anesthesia in associa- 
tion with traction on the extraocular muscles.’ 
Our patients developed arrhythmias upon 
clamping of the optic nerve, a time at which all 
extraocular muscles have been severed from the 
globe and are under no traction. 

The afferent limb of the oculocardiac reflex is 
thought to travel through sensory branches of 
the ophthalmic nerve to terminate at the main 
sensory nucleus of the trigeminal nerve. The 
efferent arc travels by the vagus nerve to the 
heart, which produces slowing of the sinus 
rhythm and depression of the intracardiac con- 
duction system.’ Each of the three divisions of 
the trigeminal nerve sends sensory branches 
to the dura mater.’ It is possible that traction 
on the optic nerve sheath or the trauma of the 
clamping procedure initiated the oculocardiac 
reflex in these patients. 

Our patients were relatively young and in 
good health, and their cardiac arrhythmias re- 
solved without hemodynamic compromise. 
Pharmacologic intervention, however, was nec- 
essary in two of the patients. Surgeons and 
anesthesiologists should be aware of this poten- 
tially fatal complication during enucleation 
procedures. 
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Endogenous Candida Species 
Endophthalmitis Associated With 
Increased Levels of D-Arabinitol in 
Serum and Vitreous 
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and Tomoichi Setogawa, M.D. 


Department of Ophthalmology, Shimane Medical 
University. 


Inguiries to Seiji Hayasaka, M.D., Department of Oph- 
thalmology, Shimane Medical University, Izumo, Shi- 
mane 693, Japan. 

D-arabinitol, a major metabolite of Candida 
species, has been reported to have increased 
levels in sera of patients with invasive candidi- 
asis.’* We examined D-arabinitol values in the 
sera and vitreous by the enzymatic fluorometric 
method of Soyama and Ono.” 

A 2.0-ml aliquot of peripheral blood was 
obtained from a cubital vein, and the serum was 
separated. A 0.3-ml sample of vitreous was 
aspirated with a 23-gauge needle through scle- 
ra 4 mm from the corneoscleral limbus; 0.2 ml 
was analyzed for cytologic and microbiologic 
study and 0.1 ml was used for D-arabinitol and 
creatinine assays. 

A 61-year-old woman underwent total pan- 
createctomy for pancreas head carcinoma in 
April 1989. Postoperatively, her blood glucose 
level fluctuated, and she received intravenous 
hyperalimentation. In July 1990, the patient 
had high fever and blurred vision in the right 
eye. Visual acuity was R.E.: 20/200. A white 
fluffy exudative lesion associated with cells was 
found in the right fundus. An aliquot of vitre- 
ous was aspirated from the right eye. Cytologic 
study showed many polymorphonuclear leuko- 
cytes but no microorganisms. The D-arabinitol 
level was 10.2 pmol/1] in the serum (normal, 4.4 
+ 3.1 pmol/l) and 26.5 pmol/l in the vitreous. 
Candida albicans grew from the tip of the intra- 
venous hyperalimentation catheter. Drip infu- 
sion of miconazole was given. Vitrectomy was 
performed in the right eye. No bacteria or fungi 
were found. In late August 1990, the white 
lesion in the fundus disappeared, and visual 
acuity in the right eye improved to 20/25. The 
D-arabinitol level in the serum decreased to 4.8 
mol/l. 

Sera and vitreous of two patients with no 
ocular infection served as controls. A 65-year- 
old woman with idiopathic vitreous opacities in 
the left eye had 4.8 pmol/l of D-arabinitol in 
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the serum and an undetectable level of the 
metabolite in the vitreous. A 60-year-old man 
with complicated retinal detachment in the left 
eye had 2.4 pmol/l of D-arabinitol in the serum 
and an undetectable level of the metabolite in 
the vitreous. 

Isolation of the fungi from ocular tissues 
confirms the diagnosis of Candida species en- 
dophthalmitis. It is not always possible to de- 
tect the fungus, however, even in clinically 
certain cases. In Japan, 59 patients with clini- 
cally certain endogenous Candida species en- 
dophthalmitis had been described during the 
13-year period between 1976 and 1988.° 
Among them, only 11 of 59 patients (19%) had 
positive cultures from the ocular tissues, 
whereas 48 patients (81%) had negative cul- 
tures from the eye but positive detection from 
the blood or the tip of a catheter.” Thus, the 
diagnosis of endogenous Candida species en- 
dophthalmitis is not easy to confirm. 

Increased serum levels of D-arabinitol, a ma- 
jor metabolite of Candida species, is helpful for 
confirming the diagnosis of invasive candidia- 
sis.’ A high D-arabinitol/creatinine ratio in 
the serum has been recommended for the diag- 
nosis.” The level of D-arabinitol in the serum of 
our patient was higher than in normal control 
patients but was not conclusive for a diagnosis 
of Candida species endophthalmitis. The D- 
arabinitol level in the vitreous of our patient 
was higher than in the serum. D-arabinitol 
concentrations in the vitreous of the control 
patients were less than those in the sera. Candi- 
da species might have been biochemically ac- 
tive in the right vitreous in our patient. 

We believe that the determination of in- 
creased levels of D-arabinitol in the vitreous 
may be useful for the diagnosis of Candida 
species endophthalmitis. 
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tute, 1355 San Pablo St., Los Angeles, CA 90033. 

Vogt-Koyanagi-Harada syndrome consists 
of panuveitis in association with neurologic 
or cutaneous manifestations.’* The ocular 
findings consist of iridocyclitis, cellular vitre- 
ous infiltrate, serous retinal detachment, and 
disk hyperemia. These findings are typically 
bilateral but may be asymmetric in their degree 
of severity. Most patients are in their 20s to 
50s. We treated a child with Vogt-Koyanagi- 
Harada syndrome, in whom, on clinical and 
fluorescein angiographic examination, the 
findings were unilateral. 

A 7-year-old Hispanic boy had a three-week 
history of redness, pain, and decreased vision 
in the right eye. The patient also had head- 
aches, neck stiffness, and dysacusis. There was 
no history of trauma or previous ocular surgery, 
and there was no evidence of alopecia, vitiligo, 
or poliosis. 

Visual acuity at the time of manifestation was 
R.E.: counting fingers at 2 feet and L.E.: 20/20. 
Pupillary responses were normal. On slit-lamp 
examination, the right eye showed moderate 
conjunctival injection, severe cell and flare in 
the anterior chamber, and moderate vitreous 
cells. The anterior segment and vitreous cavity 
were normal in the left eye, with no evidence of 
cellular infiltration. Ophthalmoscopic exami- 
nation of the right eye disclosed moderate disk 
hyperemia, as well as posterior and inferior 
serous retinal detachments. Results of ophthal- 
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Fig. 1 (Forster, Green, and Rao). Top, Fluorescein 
angiogram of the right eye demonstrating staining of 
the disk, pinpoint areas of hyperfluorescence at the 
level of the retinal pigment epithelium, and pooling 
of dye in areas of serous retinal detachment temporal 
to the macula. Bottom, Normal angiogram of the left 
eye. 


moscopic examination of the left eye were with- 
in normal limits, with no evidence of disk 
hyperemia or serous retinal detachment. 
Fluorescein angiography (Fig. 1) demonstrat- 
ed features typical of the Vogt-Koyanagi- 
Harada syndrome in the right eye (multiple 
pinpoint areas of hyperfluorescence at the level 
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Fig. 2 (Forster, Green, and Rao). Top, B-scan ultra- 
sonography of the right eye demonstrating diffuse 
choroidal thickening (open arrow), most marked in 
the peripapillary area, as well as overlying serous 
retinal detachment (solid arrow). Bottom, B-scan 
ultrasonography of the left eye demonstrating mild 
thickening of the choroid posteriorly (arrow), 


of the retinal pigment epithelium, staining of 
the optic disk, and pooling of dye in the areas of 
serous retinal detachment), whereas the left 
eye showed none of these findings. Echograph- 
ic examination (Fig. 2), however, disclosed dif- 
fuse bilateral medium reflective choroidal 
thickening, greater in the right eye than in the 
left eye, which was most marked in the peripap- 
illary area and thinned out toward the periph- 
ery. The serous retinal detachments in the right 
eye were also noted on ultrasound examina- 
tion. These echographic findings are typical of 
the Vogt-Koyanagi-Harada syndrome.’ 

The patient was treated with oral prednisone, 
40 mg/day, with prompt resolution of the ser- 
ous retinal detachments and clearing of the 
intraocular inflammation in the right eye. The 
corticosteroids were tapered over several 
weeks. Three months after manifestation, visu- 
al acuity was R.E.: 20/25 and L.E.: 20/20, and 
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the left eye continued to show no sign of intra- 
ocular inflammation. 

This case is unusual in several respects. On 
clinical as well as fluorescein angiographic ex- 
amination, there was evidence of unilateral 
involvement only. This manifestation is atypi- 
cal, as there is almost always bilateral, albeit 
sometimes asymmetric, involvement with this 
syndrome. Bilateral involvement was detected, 
however, on ultrasound examination, demon- 
strating the usefulness of this technique in the 
diagnosis of this disease. 

Also of interest was the young age of the 
patient. Most patients with Vogt-Koyanagi- 
Harada syndrome are between 20 and 50 years 
of age,‘ and the disease is rare in children. The 
patient met the diagnostic criteria for the Vogt- 
Koyanagi-Harada syndrome.’ The absence of 
dermatologic manifestations was not surpris- 
ing, as these may not become evident until later 
in the disease process and appear to be less 
common in Hispanic patients than in other 
ethnic groups.” 

Other diagnostic possibilities were excluded 
by echography or by the clinical course. Posteri- 
or scleritis generally shows high-reflective cho- 
roidal thickening on echographic examination. 
Leukemic infiltration would be expected to re- 
cur as the corticosteroids were tapered. Uveal 
effusion syndrome typically shows minimal 
or absent intraocular inflammation. Reactive 
lymphoid hyperplasia affects middle-aged and 
older individuals. 

Ophthalmologists should be aware of such 
atypical manifestations of the Vogt-Koyanagi- 
Harada syndrome. Although the disease is bi- 
lateral, it can, in rare cases, occur as a unilateral 
process, and may occur in younger individuals 
as well. 
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Changes in Corneal Curvature at 
Different Excimer Laser Ablative 
Depths 
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The 193-nm excimer laser has been reported 
to remove precisely opaque anterior corneal 
tissue,! but the depth to which ablation can be 
performed safely has not been determined. 
With excimer laser surface photoablation on 
corneas of human cadaver eyes, we have ob- 
served a consistent corneal flattening after ab- 
lating to depths of 50 and 100 pm in two 
consecutive steps. With ablations of 150 ym, 
however, we observed an increase in corneal 
power. The photoablation was performed on 
four fresh human cadaver eyes within 48 hours 
of death. The corneas were free of any observ- 
able abnormalities and obvious edema. Intraoc- 
ular pressure was maintained at 20 mm Hg 
throughout the experiment by a cannula insert- 
ed through the optic nerve. Intraocular pres- 
sure was confirmed to be between 19 and 21 
mm Hg with a tonometer. Three photoablative 
steps were performed on each de-epithelialized 
cornea with an ablation zone diameter of 5.5 
mm, using an excimer laser. Tonometry, 
pachymetry, and keratometry measurements 
and photokeratoscopy were performed before 
ablation and recorded after each 50-ym abla- 
tive step. The fluence was maintained at 160 
mJ/cm® for each ablation, and the depth per 
pulse was 0.3 pm. The phototherapeutic proto- 
col was used, with no refractive change intend- 
ed. Consecutive photokeratoscopic pictures of 
the ablated corneas were used to assess qualita- 
tively and quantitatively the amount of change 
in anterior corneal curvature. 
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No difference in corneal curvature was evi- 
dent preoperatively in corneas as a result of 
mechanical removal of epithelium (Figure, top 
left). Corneal curvature differences were seen 
only after ablation. Analysis of the photokera- 
toscopic photograph showed that the distance 
between the central rings increased progres- 
sively after the first two ablative steps (Figure, 
top right). Photokeratoscopic pictures were an- 
alyzed quantitatively with the Kera-Scan Unit 
(Kera Corporation, Santa Clara, California) af- 
ter calibration by using steel balls of known 
radius of curvature. The second and third rings 
showed statistically significant flattening of 
3.09 diopters (P < .04) and 5.56 diopters (P < 
.001), respectively, with a 50-ym ablation, and 
further flattening with ablation to 100 pm. 
After a third 50-ym ablation (to a total depth of 
150 pm), the photokeratoscopic rings disclosed 
a central corneal resteepening (Figure, bottom 
left), with corneal power exceeding that mea- 
sured preoperatively. Ultrasonic pachymetry 
results confirmed 50-ym ablations (within 5 
um) with each ablative step. 
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Figure (Litwin and associates). Top left, Photokera- 
toscopy after mechanical removal of epithelium. Av- 
erage powers of rings 1 to 3 are 41.16 D,.41.59 D, and 
40.75 D, respectively. Top right, Photékeratoscopy 
after the first 50-um ablation showing the flattening 
of the central cornea. Average powers of rings 1 to 3 
are 41.34 D, 38.50 D, and 35.19 D, respectively. 
Bottom left, Photokeratoscopy demonstrating central 
corneal resteepening after the third 50-ym ablation. 
Average powers of rings 1 to 3 are 49.38 D, 48.71 D, 
and 45.79 D, respectively. 


Our objective in doing this pilot study was to 
determine how deep the central corneal abla- 
tion could be made before the cornea might 
steepen as a consequence of bulging of the 
central cornea. We anticipated that a central 
steepening would eventually occur as we ablat- 
ed deeper into the stroma. Based on our 
findings in eye bank eyes, we have concluded 
that the central cornea may begin to steepen 
with ablations of 150 um or greater. Our results 
must be interpreted with some caution because 
we do not know whether the same results 
would be obtained in a living human eye. Also, 
photokeratoscopy in animal and eye bank eyes 
is likely to be less accurate that in seeing, fixing 
human eyes because of difficulty aligning the 
eye and instrument in exactly the same manner. 
We can only speculate as to why we observed 
central steepening after 150-ym ablations com- 
pared to statistically significant flattening after 
50- and 100-pm ablations. One possibility is 
that the structural integrity of the stromal la- 
mellae is weakened as ablations proceed deeper 
into the stroma. We believe that these findings 
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should be considered when planning photo- 
therapeutic applications of excimer laser sur- 
gery. Central corneal steepening might be ob- 
served after ablations of anterior stromal 
opacities deeper than 150 pm. 
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Anisocoria in the Pigmentary Dispersion 
Syndrome 


EDITOR: 

In the article, ‘‘Anisocoria in the pigmentary 
dispersion syndrome,” by R. M. Feibel and J. 
C. Perlmutter (Am. J. Ophthalmol. 110:657, 


December 1990), the authors state, “The cur- 
rently accepted hypothesis of the pathogenesis 
of pigmentary dispersion is that mechanical 
friction between anterior packets of zonules in 
the back of the peripheral iris cause the pig- 
ment loss in the iris.’’ Indeed, this seems to be 
an eminently sensible explanation for the pat- 
tern of loss of pigment in the pigmentary dis- 
persion syndrome. This hypothesis, however, 
does not appear to be adequate to explain why 
the pigment loss occurs in some individuals 
and not in others. 

We’ believe that there is probably an abnor- 
mality of the pigment epithelium of the iris 
itself, and histopathologic studies support this. 
Another possible explanation for increased iris 
transillumination in one eye is a greater cham- 
ber depth in the affected eye. This would be a 
reasonable explanation in Cases 1 and 4, in 
which the greater amount of transillumination 
occurred in the eye with the greater degree of 
myopia. This would not appear to account for 
the anisocoria. 


GEORGE L. SPAETH, M.D. 
Philadelphia, Pennsylvania 
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Edited by H. Stanley Thompson, M.D. 





Atlas of Ophthalmic Surgery. By Norman S. 
Jaffe. Philadelphia, J. B. Lippincott, 1989. 320 
pages, index, illustrated. $175 


Reviewed by Marx J. MANNIS 
Sacramento, California 


Derived from the Greek legend depicting the 
giant compelled to support the heavens on his 
shoulders, the word “atlas” has evolved over 
the centuries to connote a genre of books. 
Volumes containing collections of maps took on 
the name of the gargantuan because of the 
picture that often appeared on the frontispiece 
of Atlas supporting the globe. The term has 
become generalized to refer to any book, often 
large format, of tables, plates, or illustrations 
on a specific subject or subjects. 

The stated goal of this atlas is to provide a 
comprehensive visual reference, combined 
with an integrated text, on the important surgi- 
cal subspecialties in ophthalmology. Although 
the text is multiauthored, the editing provides a 
relatively uniform treatment of the different 
subjects throughout the book. Proceeding on 
the premise that visual stimuli, by way of pho- 
tography and illustration, are the most useful 
media for providing clarification of surgical 
techniques, the editor has used the maximum of 
excellent color photography in combination 
with the minimum text required to clarify the 
photographs and diagrams. An attempt has 
been made to select the surgical approaches in 
each subspecialty that are most universally ac- 
cepted. 

Of the 328 pages, the first 128 are dedicated 
to cataract surgery and the management of its 
complications. Specific subjects included are 
phacoemulsification, planned extracapsular ex- 
traction, lensectomy and vitrectomy, infantile 
cataract surgery, and a discussion of various 
types of posterior chamber intraocular lenses 
and fixation techniques. Additionally, this sec- 
tion includes text and photographs on the man- 
agement of lens malposition, anterior chamber 
lenses, secondary lens implantation, posterior 
capsular opacification, postoperative endoph- 
thalmitis, epithelial downgrowth, abnormali- 
ties of anterior chamber depth, and lens extrac- 
tion in special situations. Chapter 2 deals with 
the techniques in corneal transplantation. Sub- 
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sequent chapters deal sequentially with sur- 
gery for glaucoma, surgery of the retina and 
vitreous, strabismus surgery, surgery of ac- 
quired eyelid malpositions, refractive surgery, 
and laser surgery of chorioretinal diseases. Sur- 
prisingly, there are no chapters on oculoplastic 
surgery in general, lacrimal surgery, or orbital 
surgery. 

The great strength of this book is the spectac- 
ular photographs, especially in the chapters on 
cataract, strabismus, and eyelid surgery. For 
clarification, excellent color-coded diagrams 
have been included, which greatly enhance the 
surgical photographs. This text will have short- 
comings for the reader who expects extensive 
verbal descriptions of the procedures or an 
exhaustive reference list. References included 
at the end of the book are not linked to textual 
annotation and are limited to selected papers 
and related texts. 

This book is an atlas, however, not a surgical 
text. As a pictorial ‘“how-to-do-it,”’ it is perfect 
for the resident-in-training or the novice sur- 
geon who need to be familiarized with basic 
surgical techniques. 





Angle-Closure Glaucoma. By Stanley Hyams. 
Amsterdam, Kugler and Ghedini Publications, 
1990. 186 pages, index. $45 


Reviewed by HOWARD PERELL 
Baltimore, Maryland 


This monograph compiles and organizes 
hundreds of research articles. This collection of 
international articles, which span over 100 
years, focuses on various aspects of angle- 
closure glaucoma. Twenty chapters, which vary 
in length from two to 17 pages, include infor- 
mation on classification, prevalence, mecha- 
nism, examination, causes, treatments, and 
prognosis of angle-closure glaucoma. Each 
chapter is further divided into pithy subsec- 
tions that are expertly footnoted for the physi- 
cian seeking indepth information. For example, 
in one paragraph section entitled “The Effect of 
an Attack on the Cornea,” the five articles 
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referred to are not only clearly referenced but 
also include the author’s annotations. 

Except for the omission of bold chapter num- 
bers to accompany the chapter titles, which 
makes chapters more difficult to locate, the 
work is well organized with helpful references. 
The quotations beginning each chapter illumi- 
nate Dr. Hyams’ interest in the history of oph- 
thalmology and his sense of humor. 

In this era of laser technology, Dr. Hyams has 
once again focused our attention on angle- 
closure glaucoma, pointing out that peripheral 
iridotomy is not a panacea. He clearly demon- 
strates that the advent of medical lasers has 
forced us to reestablish guidelines for medical 
and surgical management of this condition. The 
author emphasizes that laser intervention is not 
a benign procedure and that consideration of 
laser intervention deserves the same scrutiny in 
selection of patients as did previous incisional 
surgical procedures. 

This monograph is a well-written distillate of 
a large amount of previously researched materi- 
al. This succinct work is important because the 
physician is challenged to consider the treat- 
ment of the disease in light of new pharmaceu- 
tics and interventional capabilities. The text 
can be placed proudly in any physician’s and 
scholar’s library, where it will be removed fre- 
quently from the bookcase and placed on the 
reading desk. 





Visual Allusions. Pictures of Perception. By 
Nicholas Wade. Hove, East Sussex, England, 
Lawrence Erlbaum Associates Ltd., 1990. 288 
pages, index, illustrated. $42.95 


Reviewed by PETER THOMPSON 
Montgomery, Alabama 


Most of this book is devoted to an intriguing, 
if somewhat headache-producing, collection of 
the author’s own graphic images. The majority 
of them are obsessively patterned op-art de- 
signs with mysterious hidden faces. The daz- 
zling patterns produce sensations of shimmer- 
ing movement. The author argues cogently that 
these effects are the result as much of the 
mental components of the perceptual process 
as they are of visual optics or the geometry of 
the retinal receptors. 


The remaining one third of the volume is 
taken up with a text that is largely a restatement 
of the basic concepts of visual perception. Its 
value comes from the passages in which the 
author summarizes and clarifies things that 
have been written elsewhere. 

A chapter on words and images promises 
valuable insights into the relationship between 
arbitrary letterforms and representational im- 
ages. The author gets Magritte’s “This is not a 
pipe” between his teeth and begins to ponder it 
in depth, ruminating on various ambiguous 
combinations of words and images. Then he 
gives us a series of images in which he has 
obscured some potentially identifiable face 
with an appropriate text, Jean-François Cham- 
pollion, for example, hidden within the text of 
the Rosetta stone, and tells us in some detail 
how he made the pictures. 

Some of the chapters may be tiresome, but 
their bibliographies are excellent and rich with 
annotations. The bibliography constantly re- 
minds the reader that there are many good 
books on visual perception, and that this idio- 
syncratic and self-indulgent book is not one of 
them. 





Clinical Tests of Vision. By Lars Frisen. New 
York, Raven Press, 1990. 212 pages, index, 
illustrated. $59 


Reviewed by MICHAEL WALL 
New Orleans, Louisiana 


This text aims to review the clinically useful 
tests of sensory visual function with an “‘em- 
phasis on understanding: understanding the 
measuring principles, understanding how the 
results reflect the state of the visual system, and 
understanding how to use the results in clinical 
decision making.” The book brilliantly accom- 
plishes this goal. Pathophysiologic principles 
are stated clearly and concisely; areas of contro- 
versy are reviewed and well referenced. 

The book begins with the development of a 
model of the sensory visual system and ex- 
plains how the model reacts when injured. 
Frisén emphasizes that with some visual tests 
we may not really know what it is we are 
measuring. For example, although convention- 
al perimetry uses quantitative steps, what spe- 
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cifically is being measured? What do the results 
mean in anatomic terms? 

Chapter 2, Measuring Vision, is a well-writ- 
ten section on the psychophysical factors in- 
volved in quantitation of vision. Frisén’s use of 
frequency-of-seeing curves and probit analysis 
should make all readers rethink the way they 
record and interpret visual acuity measured at a 
Snellen chart. 

Although visual acuity is covered thorough- 
ly, contrast sensitivity is only briefly reviewed. 
Some authorities would disagree with the sug- 
gestion that a clinically useful application for 
contrast sensitivity is yet to be found. 

The chapter on color vision emphasizes de- 
tecting acquired rather than congenital defects. 
There is little coverage of electrophysiologic 
testing (visual-evoked potential, electroreti- 
nography), which reflects the bias of the author 
(and most neuro-ophthalmologists) that these 
tests are seldom necessary for clinical deci- 
sions. 

Much of the text deals with perimetry, which 
is a testimony to the author’s perimetric crafts- 
manship. Frisén’s recommendations of when to 
leave isopters uncompleted, when not to map 
the blind spot, and how to improvise strategies 
are admirably conceived. Visual acuity meas- 
urements are integrated into the perimetry sec- 
tion with a discussion of high-pass resolution 
perimetry. The section on comparison of manu- 
al and automatic methods is superb. The au- 
thor’s extensive experience with these methods 
is apparent. 

Chapter 9 is probably the best discussion 
available on selection of equipment for perime- 
try. It integrates hardware, software, ergonom- 
ics, and cost. Test cases in the last chapter are 
entertaining and serve to reinforce the princi- 
ples for clinical decision making. 

The evolution of various visual field defects is 
graphically depicted in  three-dimensional 
models of the visual field. The illustrations are 
clear and of high quality. The index is adequate. 

The sometimes highly technical writing is 
interspersed with wit. This technical writing is 
slow reading at times, but it is necessary for the 
focus on understanding basic principles and 
their application. The book accomplishes its 
aims by being on the level of both the newcom- 
er to visual testing and the visual scientist. I 
highly recommend “Clinical Tests of Vision” to 
all readers with a serious interest in measure- 
ment of the sensory visual system and its clini- 
cal application. 





Retinal Nerve Fiber Layer Photography. By Lou- 
is W. Roloff. Thorofare, Slack, 1990. 174 pages, 
illustrated. $90 


Reviewed by Nancy NEWMAN 
Mill Valley, California 


This atlas is short and nicely formatted, with 
large photographs of the posterior pole printed 
on good quality paper. There are only a few 
pages of text, but the photographs are fully 
captioned. 

The text is designed to help the physician and 
the retinal photographer to recognize nerve 
fiber layer changes. The emphasis is on normal 
variants and glaucomatous damage. Some pho- 
tographs are less than optimal examples delib- 
erately chosen to portray the “real world” of 
nerve fiber layer photography. The author is to 
be complimented for his courage in presenting 
the unretouched photographs. Unfortunately, 
this often means that the optic disk details, so 
helpful in the interpretation of nerve fiber layer 
changes, are lost. 

The author outlines his technique for ‘‘mono- 
chromatic” nerve fiber layer photography; 
however, there is no mention of the many other 
techniques that have been applied to nerve fiber 
layer imagery: other photographic methods; 
enhancement techniques, such as subtraction 
and polarization; computerized image analysis; 
and densitometric studies; which in the future 
will permit quantification and give greater pow- 
er to this diagnostic technique. 

I have several quibbles. Strictly speaking, the 
technique is not monochromatic; narrow bands 
of transmitted light are used. Customary usage 
suggests that the terms ‘‘slit defect” and “rake 
defect” both refer to long narrow areas of nerve 
fiber atrophy, but the author seems to equate 
rake defects with pseudodefects. There are only 
a few examples in the atlas of neuro-ophthal- 
mic nerve fiber layer alterations and no exam- 
ples of the changes seen in retinal dystrophies. 
From the clinician’s standpoint, many patients 
with these diseases have visual loss or, like the 
patient with glaucoma, have previously unsus- 
pected visual field defects. The differential di- 
agnosis of the changes in the nerve fiber layer 
are often critical for proper patient treatment. 

This is a valuable book, as far as it goes. 
Perhaps the next edition will discuss alternative 
techniques, other developments in the field, 
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other optic neuropathies, and recent advances 
in technology and cite the sources of this infor- 
mation. 





Lens Implant Power Calculation, ed. 3. By John 
A. Retzlaff, Donald R. Sanders, and Manus 
Kraff. Thorofare, Slack, 1990. 58 pages, illus- 
trated. $20 


Reviewed by H. E. KOLDER 
Iowa City, Iowa 


This manual is a somewhat dry exposition of 
that mixture of biometry, applied mathematics, 
and art that the ophthalmologist uses to esti- 
mate the ideal power of an implant lens. The 
historical review in the opening chapter makes 
it evident that theoretical and empirical formu- 
las can indeed satisfactorily predict the implant 
lens power needed in an eye of normal axial 
length (22.5 to 24.0 mm). Refinements of the 
formula become important in eyes that are 
unusually short or unusually long. The SRK HI 
and SRK/T (theoretical) formulas extend the 
range of usefulness of the original SRK formula 
by incorporating nonlinear terms into the cal- 
culations. 

Useful chapters are included on biometric, 
ocular, and manufacturing factors influencing 
the calculation. Look-up tables provide pri- 
mary data (for example, the center thickness of 
various intraocular lenses), from which small 
corrections can be derived. A critical assess- 
ment is given of the A constant, the estimate of 
anterior chamber depth, and the surgeon's per- 
sonal fudge factor. When an abnormal mea- 
surement is encountered, prompts for trouble 
shooting are offered, which enable the surgeon 
to check systematically for sources of error. The 
appendix is helpful, not only because it juxta- 
poses the various formulae, but also because 
the terminology is defined and then used in a 
consistent manner. The list of references in- 
cludes 227 articles not easily accessed. Approx- 
imately half of all pages in the manual are 
reserved for reprinting the authors’ germane 
original articles. 

Every time an intraocular lens is implanted, 
the lens power must be selected and all the 


while a multitude of perplexing factors buzz 
threateningly around the ophthalmologist’s 
head. This manual cuts quickly and thoroughly 
through these difficulties. I recommend it 
highly. 





Laser Surgery of the Posterior Segment. By 
Steven M. Bloom and Alexander J. Brucker. 
Philadelphia, J. B. Lippincott, 1990. 341 pages, 
index, illustrated. $69.95 


Reviewed by H. STANLEY THOMPSON 
Iowa City, Iowa 


This book, although physically pleasing, is 
not a teaching book; it is a reference book. The 
entire text has been done in outline form, and 
“nore care has been given to the classification of 
knowledge than to its delivery. I find this for- 
mat decidedly unfriendly. I opened the book 
just to browse around, but there was no human 
voice there in the words to explain things to me. 
Each page was a dry list of topics, subclasses, 
and subcategories, none of which made any 
sense to me, at least not until I had wrestled the 
entire framework of the chapter to the ground. 

Laser surgery of the retina must be one of the 
authors’ favorite subjects at the moment, yet 
they do not want to take the trouble to show me 
around and tell me all about it. It seems impo- 
lite, somehow, and I find myself resenting it. I 
will not be the only would-be reader who feels 
the chill of rejection and closes the book. 

This is not to say that the book is without 
value. It is well suited for the retinal specialist 
looking for a modern review of the literature. 
Retinal fellows looking for a way to subdivide 
systematically this part of their subspecialty 
may want to buy it, for example, to organize a 
reprint collection, but the beginning resident 
and the practicing ophthalmologist will not 
like it. 

If the next edition were to be offered in a 
machine-readable outline format, it might be 
possible for the purchaser not only to catego- 
rize this subspecialty for retrieval purposes but 
also to add new references as they come along 
so that the file will stay up-to-date. 
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Style. Toward Clarity and Grace. By Joseph M. 
Williams. Chicago, University of Chicago Press, 
1990. 193 pages, index. $17.95 


Reviewed by FRANK W. NEWELL 
Chicago, Illinois 


Williams is professor in the departments of 
English language and literature, and linguistics 
at the University of Chicago. He is the author of 
a standard textbook on writing style that has 
appeared in three editions. This volume is de- 
signed to be used outside of the classroom. It 
seeks to explain how writers can improve the 
style and structure of their reports. There are 
many suggestions and a happy avoidance of 
rules of English usage: “... all... must un- 
derstand three things about complex writing: it 
may precisely reflect complex ideas; it may 
gratuitously complicate complex ideas; it may 
gratuitously complicate simple ideas.” 

Williams attributes current poor writing of 
English to the Norman conquest of 1066, which 
led to a vocabulary qualitatively different from 
the Anglo-Saxon, and to Renaissance scholars 
speaking Norman French and translating Greek 
and Latin texts into English. This provided the 
basis for a varied and rich vocabulary but 
brought with it the danger of expressing action 
with abstract romance nouns rather than specif- 
ic verbs. An example follows: “The dean’s pro- 
posal would replace the faculty ...”; “The 
dean proposed to replace the faculty... .” 

He provides a number of principles: ‘‘(1) the 
subjects of the sentences name the cast of 
characters, and (2) the verbs that go with those 
subjects name the crucial actions those charac- 
ters are part of.” Some examples follow: “There 
has been an affirmative decision for program 
termination.” “The director decided to termi- 
nate the program.” “The police conducted an 
investigation into the matter.” “The police in- 
vestigated the matter.” 

Put at the beginning of the sentence the ideas 
already mentioned. Put at the end of the sen- 
tence the newest ideas. Not: “A black hole is 
created by the collapse of a dead star into a 
point perhaps no larger than a marble.” In- 
stead: “The collapse of a dead star into a point 
perhaps no larger than a marble creates a black 
hole.” ; 

This volume is most appropriate for each of 


us who have rewritten and rewritten a paper 
and then had it returned with the suggestion 
that its style was turgid. 

The last paragraph of the volume quotes 
Alfred North Whitehead: 


Finally, there should grow the most austere of all 
mental qualities; I mean the sense for style. It is an 
aesthetic sense, based on admiration for the direct 
attainment of a foreseen end, simply and without 
waste. Style in art, style in literature, style in science, 
style in logic, style in practical execution have funda- 
mentally the same aesthetic qualities, namely, attain- 
ment and restraint . . . . Style, in its finest sense, is the 
last acquirement of the educated mind; it is also the 
most useful. It pervades the whole being. The adminis- 
trator with a sense for style hates waste; the engineer 
with a sense for style economizes his material; the 
artisan with a sense for style prefers good work. Style is 
the ultimate morality of the mind. 


Books Received 


Advances in Cataract Surgery. Edited by Glen C. 
Cangelosi. Thorofare, Slack, 1990. 239 pages, 
index, illustrated. $80 
These are the proceedings of the 39th Annual 

Symposium of the New Orleans Academy of 

Ophthalmology held in March 1990. 


Complications of Glaucoma Therapy. By Mark B. 
Sherwood and George L. Spaeth. Thorofare, 
Slack, 1990. 390 pages, index, illustrated. $90 


Eighteen authors contribute 35 papers on 
things that can go wrong when patients with 
glaucoma are treated with drugs, lasers, or 
surgery. 


Current Concepts of Multifocal Intraocular 
Lenses. Edited by Andrew Maxwell and Lee T. 
Nordan. Thorofare, Slack, 1990. 239 pages, 
index, illustrated. $80 


Cataract surgeons continue to make use of 
newer and still newer technical advances. If you 
want to keep up with what is happening, read 
about itin this series of 19 papers by 31 contrib- 
utors to a symposium held in April 1990. 
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Laser. Its Clinical Uses in Eye Diseases, ed. 2. 
By lan J. Constable and Arthur Siew Ming Lim. 
New York, Churchill Livingstone Inc., 1990. 207 
pages, index, illustrated. $85 


An atlas of beautifully printed fundus photo- 
graphs with minimal text. Four new chapters 
have been added to this edition. 


Les Strabismes. De l'analyse clinique a la syn- 
these chirurgicale, ed. 2. By Annette Spiel- 
mann. Paris, Masson, 1990. 292 pages, index, 
illustrated. (No price given) 


Dr. Spielmann is an ophthalmologist in Nan- 
cy, France, and this is the second edition of her 
thorough textbook. Every American ophthal- 
mologist with an interest in strabismus will 
learn something from this text, if only from the 
diagrams showing fresh explanations of con- 
cepts and slightly different ways of examining 
children. 


The Molecular Biology of the Retina. Edited by 
Debora B. Farber and Gerald J. Chader. New 
York, John Wiley & Sons, 1990. 245 pages, 
index, illustrated. $80 


Nine papers are printed in typescript form in 
this volume. The papers were presented at a 
symposium held in San Francisco in September 
1988 as part of the International Society of Eye 
Research. 


Ophthalmic Echography. Ophthalmic Technical 
Skills Series. By Cynthia J. Kendall. Thorofare, 
Slack, 1990. 179 pages, index, illustrated. $37 


This is a practical review of ophthalmic ultra- 
sound addressed to the ophthalmic technician. 


Retinal and Choroidal Manifestations of Sys- 
temic Disease. By Lawrence J. Singerman and 
Lee M. Jampol. Baltimore, Williams & Wilkins, 
1990. 298 pages, index, illustrated. $39.50 


March, 1991 


A well-made book covering several important 
topics, including AIDS, carotid artery disease, 
hypertension, and pregnancy. These ten review 
papers were presented at a symposium spon- 
sored by the Macula Society at the American 
Academy of Ophthalmology in October 1988. 


Small-Incision Cataract Surgery. Edited by 
James P. Gills and Donald R. Sanders. Thoro- 
fare, Slack, 1990. 271 pages, index, illustrated. 
$100. 


This volume, with 20 papers by 21 contribu- 
tors, records some of the recent progress in 
cataract surgery, emphasizing the advantages 
of small incisions and foldable lenses. These 
editors seem to be especially sensitive to the 
beauty of a smoothly functioning system and 
have taken the trouble to fill their book with 
high-quality color photographs and crisp dia- 
grams. 


Textbook of Advanced Phacoemulsification 
Techniques. Edited by Paul S. Koch and James 
A. Davison. Thorofare, Slack, 1990. 414 pages, 
index, illustrated. $100 


A book of essays on various aspects of cata- 
ract surgery, written in a comfortable style and 
profusely illustrated. 


Visual Fields. Examination and Interpretation. 
Edited by Thomas J. Walsh. San Francisco, 
American Academy of Ophthalmology, 1990. 
248 pages, index, illustrated. $55 


Dr. Walsh has been assisted in this endeavor 
by his Yale colleagues Joseph Caprioli and 
James Abrahams, by Thomas Hedges from 
Philadelphia, and by neuro-ophthalmologists 
Jonathan Wirtschafter and Brian Younge from 
Minnesota. 

This text was apparently conceived as an 
update of a venerable Academy manual by 
Wilbur Rucker. Even those of us who remember 
Rucker’s version will have trouble making the 
connection because the computer revolution 
has put color diagrams on almost every page, 
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placed blue arrows on the magnetic resonance 
images, and scattered gray-scale visual fields 
from automated perimeters throughout the 
book. 

Every resident in ophthalmology should be 
grateful to the Academy for preparing this man- 
ual. It is exactly the kind of supplemental infor- 
mation needed to fill in the corners of the 
training program. Even if you do not read Dr. 
Walsh’s preface, the main point comes across 
loud and clear: visual fields are an important 
part of every ophthalmologist’s examination 
and should not be thought of as an occasional 
special study done by someone else. 


The Book List 


Age-Related Cataract. By Richard W. Young. 
New York, Oxford University Press, 1990. 290 
pages, index. $55 


Eyelid Surgery. By J. Earl Rathbun. Boston, Lit- 
tle, Brown and Company, 1990. 290 pages, 
index, illustrated. $150 


Graves’ Ophthalmopathy. Edited by Jack R. Wall 
and Jacques How. St. Louis, Mosby-Year Book, 
1990. 196 pages, index, illustrated. $49.95 





Meetings 





Ocular Microbiology and Immunology 
Group—24th Annual Meeting 


The 24th annual meeting of the Ocular Mi- 
crobiology and Immunology Group was held 
Oct. 27, 1990, in Atlanta. 

J. B. Robin, K. A. Kalinski, and M. Griffith 
evaluated the use of peroxidase-conjugated lec- 
tins in the visualization of Candida albicans and 
Aspergillus species by using simple light mi- 
croscopy. Both organisms were readily and con- 
sistently visualized. These preliminary results 
indicate that peroxidase-conjugated lectins 
may provide an alternative to conjugated lec- 
tins for the visualization of microorganisms. 

D. C. Gritz, S. Kwitko, M. D. Trousdale, V. H. 


Gonzalez, and P. J. McDonnell studied the 
recurrence of keratitis caused by Pseudomonas 
aeruginosa or Streptococcus pneumoniae in rab- 
bits treated with specific antibiotic therapy and 
corticosteroids. Infection with P. aeruginosa re- 
curred on cessation of antibiotic therapy but 
streptococcal infection did not recur. 

J. N. N. Feder, J. E. Egbert, P. A. Raposa, J. W. 
Chandler, and T. D. France described the suc- 
cessful resolution of Pseudomonas mesophilica 
keratitis after treatment with topical piper- 
acillin. 

A. Perry, R. A. Copeland, Jr., and R. P. Mason 
described the course and treatment of P. aerugi- 
nosa conjunctival abscesses in a diabetic pa- 
tient. 

M. G. Reynolds and E. Alfonso described a 
series of 28 patients with infectious scleritis. 
Involvement of the adjacent cornea was associ- 
ated with a poor prognosis. 

D. J. Harris, Jr., described a case of Branham- 
ella species colonization of exposed nylon su- 
tures. 

R. P. Kowalski, L. Karenchak, and M. L. Roat 
investigated the in vitro susceptibility of ocular 
streptococcal isolates to polymyxin B and tri- 
methoprim, the active agents of Polytrim. They 
found a variable resistance among the strains 
they tested. 

D. N. Skorich reported a case of bilateral 
Kingella kingae corneal ulceration that occurred 
in a 50-year-old alcoholic man. 

S. Feldman, N. Socci, and B. Frueh described 
two cases of atypical mycobacterial scleroker- 
atitis that occurred after penetrating kerato- 
plasty. 

T. B. Cavanaugh and J. D. Gottsch reported 
three cases of late-onset infectious keratitis that 
developed after the use of glue and despite 
prophylactic antibiotic therapy. Masking of the 
underlying infection and the development of 
resistant organisms should be considered when 
using this mode of therapy. 

R. G. Fante and R. W. Snyder found that 
subconjunctival injection of tobramycin was 
effective in producing high scleral, corneal, and 
aqueous levels of the drug early in the course of 
treatment. 

R. Haimovici, E. Alfonso, K. Wilhelmus, T. 
O’Brien, and R. Abshire reported on a trial of 
ciprofloxacin in the treatment of presumed mi- 
crobial keratitis. For a broad spectrum of organ- 
isms, they found the agent to be effective when 
administered topically as a 3% solution. 

J. D. Bulloch, M. S. Jedrzynski, T. W. 
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Maguire, and B. L. Elder described the develop- 
ment of anaerobic orbital cellulitis in five pa- 
tients and discussed an animal model of the 
disease. 

M. G. Speaker, F. A. Milch, B. N. Kreisworth, 
and A. K. Shah discussed the role of external 
ocular bacterial flora in the pathogenesis of 
acute postoperative endophthalmitis in their 
series. The patient was the source of the organ- 
ism in a majority of cases in their series. 

D. M. O’Day, R. Wolff, S. Head, R. Robinson, 
and T. Williams studied the reliability of sam- 
pling of the vitreous as a measure of the extent 
of infection in experimental endophthalmitis. 
Culture, positivity, and isolate recovery rates 
from vitreous samples did not correlate with 
isolate recovery rates from whole vitreous or 
whole eyes. 

A. M. Mansour, E. Ferguson, H. L. Li, and H. 
Lucia described two patients with severe bac- 
terial endophthalmitis who were treated by 
subtotal replacement of the vitreous by perfluo- 
ropropane gas. 

R. N. Sjaarda, D. W. Parke III, and M. D. 
Osato in an in vitro study failed to find that 
perfluoropropane and sulfur hexafluoride had 
any inherent antimicrobial properties. 

T. John and A. G. Noble described the occur- 
rence of Pseudomonas corneal ulceration in 
three patients who underwent mechanical ven- 
tilation in the intensive care unit. 

A. E. Schwartz, A. Sugar, A. K. Vine, and J. R. 
Wolter described a case of persistent Candida 
parapsilosis endophthalmitis, which responded 
to treatment with fluconazole. 

T. W. Maguire, J. D. Bulloch, L. Elder, and J. 
W. Funkhouser, in a comparison of endoph- 
thalmitis caused by Aspergillus fumigatus and 
Pseudomonas boydii found the infections to be 
indistinguishable in immunocompetent and 
immunosuppressed exogenously infected rab- 
bits. 

M. Busin, I. Bechrakis-Böker, and T. Böker 
described a combined medical and surgical ap- 
proach to a fungal corneal abscess. 

C. M. Parrish and B. Crowley described a case 
of oculoglandular syndrome secondary to Tula- 
remia species. 

D. J. Doughman, D. R. Hardten, E. J. Holland, 
and T. W. Gothard described two patients with 
Chlamydia trachomatis conjunctivitis who 
developed a persistent superficial keratitis. The 
lesions resolved promptly after treatment with 
topical corticosteroids. 

N. Kerr and G. Stern described the occur- 
rence of bacterial keratitis in patients with 


vernal keratoconjunctivitis. In three of four 
patients, the infections were polymicrobial and 
responded to appropriate antibiotic therapy. 

K. A. Buzard and M. O’Hanlan described the 
use of low-dose methotrexate in the treatment 
of external ocular inflammatory disease. 

S. D. Trocme, G. B. Bartley, G. J. Gleich, and 
K. M. Leiferman demonstrated the presence of 
extracellular eosinophilic major basic protein 
and extracellular neutrophil elastase in the tis- 
sues of two eyes of patients with Wegener's 
granulomatosis. They postulated an active role 
of both eosinophils and neutrophils in the de- 
velopment of corneoscleral lesions in patients 
with this disease. 

S. Butrus and L. Schwartz found that MCrc 
mast cells predominate and are increased in 
giant papillary conjunctivitis. There was also 
an increase in tryptase, a specific mast cell 
marker, in these patients. 

S. H. Soukiasin, C. S. Foster, and M. Raizman 
demonstrated the presence of antineutrophil 
cytoplasmic antibodies in six patients with scle- 
ritis and peripheral ulcerative keratitis. They 
believe that scleral biopsy, by demonstrating 
granulomatous reaction with or without vascu- 
litis, is helpful in making the appropriate diag- 
nosis. 

L. P. Fong and C. S. Foster studied 25 patients 
with necrotizing scleritis and five patients with 
chronic nonnecrotizing scleritis with the aid of 
scleral and conjunctival biopsies. These biop- 
sies showed that vasculitis was a common find- 
ing, immune complex deposition was occurring 
in vessel walls, and there was a significant 
increase over normal controls in the number of 
T-helper lymphocytes, T lymphocytes, macro- 
phages, and expression of HLA-DR determi- 
nants. 

R. Belfort, Jr., W. deSmet, R. Rubin, J. Balkis- 
soon, R. Nussenblatt, and S. A. Rosenberg 
discussed the development of scleritis and 
sclerouveitis in three patients receiving recom- 
binant human macrophage colony stimulating 
factor for the treatment of advanced cancer. The 
findings resolved when the agent was stopped. 

A. Fox, K. Fox, V. Pakalnis, and W. Kos- 
dnosky studied polypeptide profiles of normal 
aqueous and aqueous from animals injected 
with muramyl dipeptide, a monomer of cell 
walls of gram-positive and gram-negative bac- 
teria that causes a severe, short-term break- 
down of the blood aqueous barrier. Their 
findings suggest that changes in the protein 
composition in ocular inflammation result pri- 
marily from the influx of serum. 
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E. Aracker-Mettinger, T. Asenbauer, V. 
Huber-Spitzy, and G. Grabner measured levels 
of interleukin 2-receptor (IL-2R) in patients 
with uveitis. Interleukin 2-receptor serum lev- 
els were increased in patients with Fuchs’ het- 
erochromic cyclitis and in children with 
juvenile rheumatoid arthritis-related chronic 
iridocyclitis. 

K. J. Johns described a patient with X-linked 
hypogammaglobulinemia who developed in- 
tensive cellular infiltration of the vitreous bilat- 
erally. The infiltrate was unresponsive to all 
attémpts at therapy. 

C. M. Kaslow and P. Gollin examined the 
rabbit pineal gland for immunoreactive S-anti- 
gen by using a panel of monoclonal antibodies. 
The monoclonal antibodies failed to react with 
rabbit pineal gland as they reacted with guinea 
pig or rat pineal, supporting the hypothesis that 
the autoimmune response in the pineal gland 
modulates uveitis induced by S-antigen sensiti- 
zation. 

N. P. Barney, M. S. Blumenkranz, and C. S. 
Foster described the presence of cotton-wool 
spots and T-cell abnormalities in a 72-year-old 
woman with temporal arteritis. 

E. H. Sato, H. Ariga, A. C. Vendramini, and 
D. A. Sullivan used a mouse model to investi- 
gate the possible role of androgen therapy for 
Sjögren’s syndrome. They found that testoster- 
one therapy suppresses autoimmune disease in 
the lacrimal gland in the mouse. 

K. Tsubota, I. Saito, S. Nishimura, J. Yodoi, 
and I. Moro detected anti-T lymphocyte- 
derived factor (ADF) in ductal epithelial cells 
and some large lymphoid cells in salivary gland 
and lacrimal gland biopsy specimens, suggest- 
ing that ADF from Epstein-Barr virus-infected 
cells could be involved in interleukin 2-recep- 
tor induction and the progression of lympho- 
cyte activation of Sjégren’s syndrome. 

I. R. Schwab described the use of eicosap- 
entaenoic acid derived from cold-water fish in 
the treatment of patients with meibomian 
gland dysfunction. Five of seven patients had 
measurable objective and subjective improve- 
ment in their signs and symptoms. 

M. S. Osato, M. Pyron, K. R. Wilhelmus, R. F. 
Font, and D. B. Jones assessed the pathogenesis 
of Acanthamoeba keratitis in vitro by comparing 
the invasiveness of three species of amebae in 
an epithelial sheet assay as well as the capacity 
to penetrate human corneal stroma. All three 
species were able to invade the corneal epitheli- 
um but stromal invasion differed among the 
strains. 


E. H. Holland, I. H. Alul, R. J. Epstein, and D. 
M. Meisler described the development of ante- 
rior stromal corneal infiltrates late in the course 
of Acanthamoeba keratitis. They postulated that 
an immunologic mechanism may be responsi- 
ble. i 

G. Rosenwasser, D. Cunningham, and W. 
Greene presented a videotape of onchocerciasis 
in the human eye. 

Y. J. Gordon, E. Romanowski, T. Araullo- 
Crus, L. Seaberg, S. Erzurum, R. Tolman, and E. 
de Clercq evaluated in vitro the new antivirals 
(s)-9-(3-hydroxy-2-phosphonylmethoxypropyl) 
(HPMPA) and 2’-nor-cyclic GMP against a se- 
ries of adenoviral serotypes. Using plaque re- 
duction and cyclopathogenicity assays, they 
found all three to have significant activity 
against adenovirus types 1, 5, 8, and 19. 

G. Stevens, J. Harmon, R. Rajpal, and H. 
Ballitch reported a case of herpes simplex kera- 
titis that failed to respond to vidarabine, triflur- 
idine, and débridement but improved rapidly 
with acyclovir treatment. 

J. Colin, F. Mallet, and M. C. Richard de- 
scribed the use of collagen shields soaked in 1% 
trifluorothymidine in the treatment of dendritic 
keratitis. 

M. J. Mannis, R. Plotnik, I. R. Schwab, and D. 
Newton described the development of herpes 
simplex keratitis in three patients, three to 11 
months after keratoplasty. 

D. deFreitas, D. Pavan-Langston, L. D. Kelly, 
B. L. Rong, E. C. Dunkel, E. H. Sato, and K. R. 
Kenyon described the development of varicella- 
zoster keratitis in two children after the onset of 
typical chickenpox rash. 

K. S. Keefe and J. E. Sutphin described the 
clinical course of unilateral zoster keratitis and 
uveitis in a patient with AIDS. Ipsilateral cere- 
bral infarction occurred despite prolonged sys- 
temic antiviral therapy. 

W. H. Greene, G. O. Rosenwasser, and B. J. 
Howard described the occurrence of infection 
with herpes simplex virus types 1 and 2 in a 
patient with AIDS. 

D. Laby, J. Orenstein, S. Butrus, A. Hidayat, 
and P. Whitmore described a patient with AIDS 
who developed intraocular infections with tox- 
oplasmosis, cytomegalovirus, and herpes sim- 
plex. 

R. R. Johnson, G. G. Cooper, and R. S. Wein- 
berg described the development of Pasteurella 
multocida keratitis in an 85-year-old woman 
with multiple myeloma. 


DENIS M. O'DAY 
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Obituary 


J. GRAHAM DOBBIE 


1926-1990 

J. Graham Dobbie, professor of ophthalmolo- 
gy and founder of the retina service at North- 
western University, died of cancer at his home 
in Chicago on Dec. 1, 1990. 

Graham’s career as a physician and teacher 
spanned nearly 30 years, beginning on his re- 
turn to Chicago in 1961 as the area’s first retinal 
surgeon. It was a time when indirect ophthal- 
moscopy and scleral buckling were virtually 
unknown in many areas throughout the Mid- 
west, which prompted Graham to recall years 
later that his early lectures on the direct oph- 
thalmoscope and peripheral retina were often 
met with respect but minimal enthusiasm. He 
traveled among several Chicago institutions in 
those first years, founding and directing retina 
services at Cook County and Hines Veteran 
Administration hospitals, and in 1963, the reti- 
na department and laboratory at Northwestern 
University where he served as director until 
1985. 

Graham was born on April 28, 1926, in Oak 
Park, Illinois. After high school, he enlisted in 
the United States Navy and became a demoli- 
tion expert. He used to joke that it was this 
early training in handling explosives that con- 
tributed later to his dexterity and good judg- 
ment in the operating room. He graduated from 
Northern Illinois University in 1950 and re- 
ceived his medical degree in 1955 from Mar- 
quette University where he was an honors grad- 
uate and a member of Alpha Omega Alpha. He 
served his internship and residency at Cook 
County Hospital, where he met and then mar- 
ried his wife, Rosemarie. The following year he 
received his master of science degree in physi- 
ology at Loyola University. This interest in 
physiology took him to London in 1958, where 
as a special National Institutes of Health fellow 
he studied physiologic mechanisms in glauco- 
ma. Personal contacts that year with many Brit- 
ish and European research ophthalmologists 
developed into endearing friendships that re- 
mained very special to him for the rest of his 
life. 

In 1959, Graham began a retinal fellowship 
with Charles Schepens at the Massachusetts 





J. Graham Dobbie 
1926-1990 


Eye and Ear Infirmary and the Retina Founda- 
tion. Although he loved Boston and considered 
staying, he wanted most of all to start his own 
practice and establish a retinal center in Chica- 
go. He joined the teaching staff at Northwest- 
ern University in 1961 as clinical assistant, the 
first subspecialist in the department, and in 
1984 was appointed professor of ophthalmol- 
ogy. 

Graham was a charter member of the Retina 
Society and president in 1986 and 1987. He was 
elected to the American Ophthalmological So- 
ciety in 1980 and was a member of the Club 
Jules Gonin, Oxford Ophthalmological Con- 
gress, American Academy of Ophthalmology, 
and the Eye Study Club. He devoted many years 
to the Chicago Ophthalmological Society and, 
as its president in 1974, guided the society 
through a difficult period of emerging concern 
over ethical standards and proper conduct re- 
lated to physicians and advertising. 
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Graham published over 50 articles on diseas- 
es and surgery of the retina and was a frequent 
visiting professor and participant and modera- 
tor at numerous meetings and seminars. He was 
especially interested in intraocular fluid dy- 
namics and wrote his American Ophthalmolog- 
ical Society thesis on circulatory changes asso- 
ciated with retinal detachment, a project he 
continued to study until a few weeks before his 
death. 


Onchocerciasis was another of Graham’s spe- 
cial interests. With Maurice Langham, his 
friend and colleague for many years, he trav- 
eled repeatedly to Africa to examine and treat 
patients with river blindness. 

Graham was an elegant man, and his patients 
were devoted to him as he was to them. He is 
survived by his daughter Pamela, his son 
James, and his cousin Robert. 

CARL FETKENHOUR 
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What is known about the prevention of con- 
genital toxoplasmosis? Jeannel, D.*, Costag- 
liola, D., Niel, G., Hubert, B., and Danis, M.: 
Lancet 336:359, 1990. 


CONGENITAL TOXOPLASMOSIS, SCREENING 


A national program to prevent congenital 
toxoplasmosis has been functioning in France 
since 1976. The program includes mandatory 
serologic screening of all pregnant women. 
Seronegative women are followed up with 
monthly serologic tests for toxoplasmosis. 
Women in whom acute infection is diagnosed in 
pregnancy are treated with 1 g of spiramycin 
three times daily. The authors questioned 
whether this program has been effective in 
reducing the incidence of fetal toxoplasmosis. 
The costs of the screening and treatment pro- 
grams are high. Moreover, the efficacy of spira- 
mycin in preventing contamination of the fetus, 
or in reducing the extent of the infection, has 
never been evaluated in a randomized, placebo- 
controlled, clinical trial. The authors question 
whether a program of health education aimed 
at pregnant women might be as effective in 
reducing the incidence of toxoplasmosis. Final- 
ly, the authors state that now it is impossible to 
conduct a clinical trial of spiramycin treatment 
in France. They recommend that this trial be 
conducted in another country.—Michael A. 
Kass 


*Department of Medical Statistics, Gustave Roussy 
Institute, rue Camille Desmoulins, 94805 Villejuif 
CEDEX, France. 


Extracorporeal photopheresis in the treat- 
ment of AIDS-related complex. A pilot study. 
Bisaccia, E.*, Berger, C., and Klainer, A. S.: 
Ann. Intern. Med. 113:270, 1990. 


AIDS-RELATED COMPLEX, EXTRACORPOREAL 
PHOTOPHERESIS 


Five patients with AIDS-related complex un- 
derwent extracorporeal photopheresis. The pa- 
tients were given an oral dose of the photosen- 
sitizer, 8-methoxypsoralen. Two hours later, 
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after absorption and distribution of the drug, 
blood was withdrawn, and the patients’ cells 
were irradiated in an extracorporeal photophe- 
resis device. After exposure to ultraviolet A, the 
cells were then reinfused. The treatment was 
administered on two successive days once a 
month. The therapy produced persistent disap- 
pearance of lymphadenopathy in all patients. 
The cultures in two patients became negative 
for HIV-1. The results of skin tests evaluating 
delayed hypersensitivity improved. The abso- 
lute CD4 cell counts increased in two patients. 
There was also improvement in the subjective 
indices of the quality of life. This preliminary 
trial suggests that extracorporeal photophere- 
sis therapy may be beneficial in patients with 
AIDS and AIDS-related complex.—Michael A. 
Kass 


*Photopheresis Unit, Morristown Memorial Hospi- 
tal, 100 Madison Ave., Morristown, NJ 07962-1956. 


European stroke prevention study. ESPS 
Group*: Stroke 21:1122, 1990. 


STROKE, TRANSIENT ISCHEMIC ATTACKS, 
ASPIRIN, DIPYRIDAMOLE 


There has been considerable controversy 
concerning whether aspirin alone or combined 
with dipyridamole is effective in preventing 
cerebrovascular disorders. In this study, 2,500 
patients who had previous cerebrovascular dis- 
orders (transient ischemic attacks, reversible 
ischemic neurologic deficits, or completed 
strokes) were randomly assigned to either pla- 
cebo or a capsule containing 330 mg of aspirin 
and 75 mg of dipyridamole administered three 
times daily. Treatment was associated with a 
33.5% reduction (P < .0001) in the incidence of 
deaths from all causes or strokes by an inten- 
tion-to-treat analysis and a 36.5% reduction (P 
< .001) by explanatory analysis. The treatment 
effect appeared to be similar in men and wom- 
en. The effect of treatment was also similar 
regardless of the patient’s age, nature of quali- 
fying cerebrovascular event, site of the respon- 
sible lesion, and diastolic blood pressure. This 
study demonstrates the efficacy of combined 
treatment with aspirin and dipyridamole. The 
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study does not address the questions of the 
proper dose of aspirin and whether either drug 
alone is superior or equal to the combination. — 
Michael A. Kass 


*A. Lowenthal, M.D., Jan Van Rijswijcklaan 106, 
B-2018, Antwerpen, Belgium. 


Mutations within the rhodopsin gene in pa- 
tients with autosomal dominant retinitis pig- 
mentosa. Dryja, T. P.*, McGee, T. L., Hahn, 
L. B., Cowley, G. S., Olsson, J. E., Reichel, E., 
Sandberg, M. A., and Berson, E. L.*: N. Engl. 
J. Med. 323:1302, 1990. 


AUTOSOMAL DOMINANT RETINITIS PIGMENTOSA, 
RHODOPSIN GENE MUTATIONS 


Retinitis pigmentosa is genetically heteroge- 
neous, being transmitted as an autosomal dom- 
inant trait in some families, an autosomal reces- 
sive trait in other families, and an X-linked trait 
in still others. A restriction-fragment-length 
polymorphism from chromosome 3q was found 
to be linked tightly to the disease trait in one 
large family with autosomal dominant retinitis 
pigmentosa. Since the gene encoding rhodop- 
sin is on the same arm of the chromosome, an 
intensive search was made for mutations of the 
rhodopsin gene in a group of unrelated patients 
with autosomal dominant retinitis pigmentosa. 
Three mutations in the human rhodopsin gene 
were found in affected members of some fami- 
lies with autosomal dominant retinitis pigmen- 
tosa. Two mutations were C-to-T transitions 
involving separate nucleotides of codon 347; 
the third was a C-to-G transversion in codon 
58. Each mutation corresponded to a change in 
one amino acid residue in the rhodopsin mole- 
cule. These mutations were not found in 106 
unrelated normal subjects who served as con- 
trols. When the incidence of these three muta- 
tions was added to that of a previously reported 
mutation involving codon 23, 27 of 150 (18%) 
unrelated patients with autosomal dominant 
retinitis pigmentosa were found to carry one of 
these four defects in the rhodopsin gene. It is 
possible that patients with the mutation involv- 
ing codon 23 descend from a single ancestor. 
Thus in some patients with autosomal domi- 
nant retinitis pigmentosa, the disease is caused 
by one of a variety of mutations of the rhodop- 
sin gene.—Michael A. Kass 


*Massachusetts Eye and Ear Infirmary, 243 Charles 
St., Boston, MA 02114. 


A mouse model of the aniridia-Wilms tumor 
deletion syndrome. Glaser, T.*, Lane, J., and 
Housman, D.: Science 250:823, 1990. 


ANIRIDIA, WILMS TUMOR, ANIMAL MODEL 


Deletion of chromosome 11p13 in humans 
produces the WAGR syndrome, consisting of 
aniridia (an absence or malformation of the 
iris), Wilms tumor (nephroblastoma), genitour- 
inary malformations, and mental retardation. 
An interspecies backcross between Mus muscu- 
lus/domesticus and Mus spretus was made in 
order to map the homologous chromosomal 
region in the mouse genome and to define an 
animal model of this syndrome. Nine evolu- 
tionarily conserved DNA clones from proximal 
human 11p were localized on mouse chromo- 
some 2 near Small-eyes (Sey), a semidominant 
mutation that is phenotypically similar to an- 
iridia. Analysis of Dickie’s Small-eye (Sey””), a 
poorly viable allele that has pleiotropic effects, 
revealed the deletion of three clones, f3, f8, and 
k13, which encompass the aniridia (AN2) and 
Wilms tumor susceptibility genes in man. Un- 
like their human counterparts, Sey”*’/+ mice 
do not develop  nephroblastomas. These 
findings suggest that the Small-eye defect is 
genetically equivalent to human aniridia, but 
that loss of the murine homolog of the Wilms 
tumor gene is not sufficient for tumor initiation. 
A comparison among Sey alleles suggests that 
the AN2 gene product is required for induction 
of the lens and nasal placodes.—Authors’ ab- 
stract 


*Center for Cancer Research, Massachusetts Insti- 
tute of Technology, Cambridge, MA 02139. 


A longitudinal study of children with a family 
history of strabismus. Factors determining 
the incidence of strabismus. Aurell, E., and 
Norrsell, K.*: Br. J. Ophthalmol. 74:589, 1990. 


STRABISMUS, ESOTROPIA, HYPERMETROPIA 


A longitudinal study of ocular refraction, 
deviation, and fixation was performed in chil- 
dren with a family history of strabismus. The 
children were examined at regular intervals 
between 3 months and 4 years of age. Six of 34 
children (17.6%) developed constant or inter- 
mittent esotropia. In every patient except one, 
strabismus was first noted between 18 and 30 
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months of age. All children with esotropia had 
4 or more diopters of hypermetropia at 6 
months of age, and their hypermetropia re- 
mained almost unchanged through the follow- 
up period. Seven additional children had 4 
diopters or more of hypermetropia at 6 months 
of age, but they did not develop a squint. In 
contrast to the children who developed squints, 
the hypermetropia in the children who did not 
develop squints diminished during the follow- 
up period. The process of emmetropization was 
most pronounced during the first two years of 
life.—Michael A. Kass 


“University Eye Clinic, Sahlgren’s Hospital, S 413 
45, Goteborg, Sweden. 


Biometry of the crystalline lens in early-onset 
diabetes. Sparrow, J. M.*, Bron, A. J., Phelps 
Brown, N. A., and Neil, H. A. W.: Br. J. Oph- 
thalmol. 74:654, 1990. 


DIABETES MELLITUS, LENS CHANGES 


Lenticular biometry on non-cataractous lens- 
es has been studied by means of Scheimpflug 
photography and digital image analysis in 153 
patients with early-onset insulin-dependent di- 
abetes and 153 non-diabetic controls. Antero- 
posterior axial lens thickness, cortical thick- 
ness, nuclear thickness, anterior and posterior 
lenticular curvatures, and anterior chamber 
depth were assessed. Highly significant differ- 
ences between the lenses of the diabetic sub- 
jects and non-diabetic controls were found. 
After the effect of age had been accounted for 
within the diabetic subgroup, diabetic duration 
was found to be a highly significant determi- 
nant of lens dimensiøns, such that age-related 
dimensional changes for various biometric pa- 
rameters were accelerated by between 52% and 
121% after the onset of diabetes. Because the 
diabetic duration of the early-onset diabetic 
subjects studied in this work was accurately 
known, this report is the first in which a precise 
assessment of the effect of “true” diabetic dura- 
tion on lens biometry has been possible.— 
Authors’ abstract 


*Department of Ophthalmology, University of 
Leicester, Leicester Royal Infirmary, Leicester LEI 
5WW, Great Britain. 


Sports-related ocular trauma. Larrison, 
W.1.*, Hersh, P. S., Kunzweiler, T., and 
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Shingleton, B.J.: Ophthalmology 97:1265, 
1990. 


SPORTS-RELATED OCULAR INJURIES, 
PROTECTIVE EYE WEAR 


Over a one-year period, 202 patients with 
sports-related ocular injuries were examined at 
the Massachusetts Eye and Ear Infirmary. Most 
of the patients examined (81%) were male, and 
the mean age for all patients was 23.3 years. 
Projectile rather than blunt trauma caused most 
injuries. Of the 202 patients examined, 28 
(13.8%) required hospitalization and 11 (5.6%) 
required intraocular surgery. Twenty-six pa- 
tients (12.8%) sustained permanent ocular se- 
quelae, including seven (3.5%) who had perma- 
nent visual loss. Most ocular injuries occurred 
during basketball, baseball, and racquetball 
games. Only 5% of the patients stated that they 
had used protective eye wear. Despite the inju- 
ry, only 31% of the patients used protective eye 
wear in subsequent sports activities. It is clear 
that sports trauma is a significant cause of 
ocular morbidity and that few individuals use 
protective eye wear.—Michael A. Kass 


*46 Prince St., Ste. 402A, New Haven, CT 06519. 


Prevalence of angioid streaks and other ocu- 
lar complications of Paget’s disease of bone. 
Dabbs, T. R.*, and Skjodt, K.: Br. J. Ophthal- 
mol. 74:579, 1990. 


PAGET'S DISEASE, ANGIOID STREAKS 


Many reports have linked Paget’s disease 
with angioid streaks and subretinal neovascu- 
larization. Seventy randomly selected patients 
with Paget’s disease were examined for ocular 
complications. The prevalence of macular de- 
generation and cataract was 24.3%, which did 
not differ substantially from previous reports in 
older control populations. One patient was 
found to have angioid streaks. These findings 
suggest that the prevalence of serious ocular 
complications of Paget’s disease is not as high 
as previously reported.—Michael A. Kass 


*Birmingham and Midland Eye Hospital, Church St., 
Birmingham B3 2NS, England. 


The association of Fuchs’s corneal endothe- 
lial dystrophy with axial hypermetropia, shal- 
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low anterior chamber, and angle closure glau- 
coma. Pitts, J.F., and Jay, J.L.*: Br. J. 
Ophthalmol. 74:601, 1990. 


FUCHS’ CORNEAL DYSTROPHY, HYPERMETROPIA, 
SHALLOW ANTERIOR CHAMBER, ANGLE-CLOSURE 
GLAUCOMA 


Twenty-four patients with Fuchs’ corneal 
dystrophy were compared to a control group 
with respect to refractive error and ocular bi- 
ometry. The mean spherical refractive error in 
the patients with Fuchs’ dystrophy was +2.48 
diopters as compared to —0.31 diopters for the 
control group. The mean axial length for the 
group with Fuchs’ dystrophy was 22.1 mm as 
compared to 23.4 mm for the control group. 
The anterior chamber depth in the group with 
Fuchs’ dystrophy was 2.2 mm as compared to 
2.7 mm in the control group. Each of these 
differences was statistically significant. Five of 
the 24 patients (21%) with Fuchs’ dystrophy 
had shallow anterior chambers and three (12%) 
had angle-closure glaucoma, which required 
peripheral iridectomy. Acute angle-closure 
glaucoma and Fuchs’ dystrophy can be con- 
fused because of similar symptoms of pain, 
glare, halos, and blurring of vision. The in- 
creased risk of angle-closure glaucoma sup- 
ports the widely accepted practice of combin- 
ing penetrating keratoplasty with lens 
extraction in patients with Fuchs’ corneal dys- 
trophy.—Michael A. Kass 


“Tennent Institute of Ophthalmology, University of 
Glasgow, Western Infirmary, 38 Church St., Glasgow 
G11 6NT, Great Britain. 


The glaucoma laser trial (GLT). 2. Results of 
argon laser trabeculoplasty versus topical 
medicines. The Glaucoma Laser Trial Re- 
search Group*: Ophthalmology 97:1403, 1990. 


OPEN-ANGLE GLAUCOMA, ARGON LASER 
TRABECULOPLASTY 


The Glaucoma Laser Trial, a multicenter, ran- 
domized clinical trial involving 271 patients, 
was designed to assess the efficacy and safety of 
argon laser trabeculoplasty as an alternative to 
treatment with topical medication for control- 
ling intraocular pressure in patients with newly 
diagnosed, previously untreated, primary 
open-angle glaucoma. In each patient, one eye 
was randomly assigned to laser trabeculoplasty 


and the other eye was assigned to medical 
treatment with timolol maleate 0.5%. Medica- 
tion was initiated or changed in both eyes 
according to the same stepped regimen when 
intraocular pressure was not controlled ade- 
quately. Throughout the two-year follow-up 
period, the laser-treated eyes had lower mean 
intraocular pressures than did the medically 
treated eyes by 1 to 2 mm Hg. Presumably, 
some portion of this differential was caused by 
a contralateral effect of medication given to the 
medically treated eyes. Fewer laser-treated eyes 
than medically treated eyes required simultane- 
ous prescription of two or more medications to 
control intraocular pressure. After two years of 
follow-up the following results were found: 
44% of the laser-treated eyes were controlled 
by argon laser trabeculoplasty alone, whereas 
30% of the medically treated eyes were con- 
trolled by timolol alone; 89% of the laser- 
treated eyes and 66% of the medically treated 
eyes were controlled within the stepped medi- 
cal regimen; and 56% of the laser-treated eyes 
required medical therapy to control intraocular 
pressure. There were no major differences be- 
tween the two treatment groups with respect to 
changes in visual acuity or visual field over this 
follow-up period.—Michael A. Kass 


“GLT Coordinating Center, Department of Epidemi- 
ology, Johns Hopkins School of Hygiene and Public 
Health, 615 N. Wolfe St., Baltimore, MD 21205. 


Laser-induced occlusion of corneal blood 
vessels with variable emission and absorp- 
tion. Jean, B.*, Thiel, H.-J., Maier, J., Kischkel, 
C., Baumann, M., and Bachmann, W.: Ophthal- 
mologica 201:113, 1990. 


CORNEAL NEOVASCULARIZATION, VESSEL 
OCCLUSION, DYE LASER, DYE-ENHANCED 
ABSORPTION 


A number of investigators have attempted to 
occlude corneal vessels with laser energy. To 
limit side effects such as corneal burns, it is 
important to minimize laser energy. In this 
study, intravenous fluorescein was adminis- 
tered in an attempt to reduce the laser energy 
necessary to occlude corneal vessels. Corneal 
vessels with diameters less than 50 wm were 
occluded permanently in 43% of the patients 
who received intravenous fluorescein in con- 
trast to 28% of the patients who did not. All 
treatments were performed using a dye laser. 
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Corneal vessels greater than 50 pm in diameter 
were occluded using the lowest energy levels 
when a wavelength of 575 nm was used. This 
wavelength approximates the absorption maxi- 
mum of hemoglobin.—Michael A. Kass 


*Universitats-Augenklinik, Abteilung I, Schleich- 
strasse 12, D-7400 Tubingen 1, Germany. 


Visual impairment in a rural Appalachian 
community. Prevalence and causes. Dana, 
M. R.*, Tielsch, J. M., Enger, C., Joyce, E., 
Santoli, J.M., and Taylor, H.R.: JAMA 
264:2400, 1990. 


VISUAL IMPAIRMENT, APPALACHIA, MACULAR 
DEGENERATION, CATARACT, TRAUMA, 
AMBLYOPIA 


A population-based survey of 1136 subjects 
aged 40 years and older was conducted in a 
rural valley of Kentucky to determine the na- 
ture and extent of visual disability in an under- 
served area of rural America. Data on corrected 
visual acuity and ocular history, along with 
demographic, socioeconomic, and health care 
utilization parameters, were gathered. Those 
subjects with an acuity below 20/60 in either 
eye underwent a comprehensive ophthalmolog- 
ic examination. The prevalence of binocular 
blindness (acuity worse than 20/400 in the 
better eye) was 0.44% and of monocular blind- 
ness (acuity worse than 20/400 in one eye) was 
3.3%, approximately twice the national rates. 
The chief cause of bilateral visual impairment 
was macular degeneration among men and cat- 
aract among women. Cataract, trauma, and am- 
blyopia were the major causes of monocular 
visual impairment in both sexes. Risk factor 
analysis revealed younger age, higher educa- 
tion, active employment, access to a health care 
facility, and comprehensive health insurance 
coverage to be inversely associated with visual 
impairment.—Authors’ abstract 


*Illinois Eye and Ear Infirmary, 1855 W. Taylor St., 
Chicago, IL 60612. 


Risk for occupational transmission of human 
immunodeficiency virus type 1 (HIV-1) asso- 
ciated with clinical exposures. A prospective 
evaluation. Henderson, D. K.*, Fahey, B.J., 


Willy, M., Schmitt, J. M., Carey, K., Koziol, 
D. E., Lane, H. C., Fedio, J., and Saah, A. J.: 
Ann. Intern. Med. 113:740, 1990. 


HUMAN IMMUNODEFICIENCY VIRUS TYPE 1, 
OCCUPATIONAL EXPOSURE OF HEALTH CARE 
WORKERS 


A total of 1,344 clinical health care workers 
reported 179 percutaneous and 346 mucous 
membrane exposures to fluids from patients 
infected with human immunodeficiency virus 
type 1 during a six-year period. Additionally, 
559 of these workers reported 2,712 cutaneous 
exposures to blood from patients infected with 
HIV-1 and more than 10,000 cutaneous expo- 
sures to blood from all patients during a 12- 
month period. Occupational transmission of 
HIV-1 occurred in a single worker after an 
accidental deep cut with a blood-contaminated 
sharp object. No infections occurred after ei- 
ther mucous membrane or cutaneous exposures 
to blood from patients infected with HIV-1. 
Combining the results of this study with other 
prospective studies, the risk for HIV-1 trans- 
mission associated with a percutaneous expo- 
sure to blood from a patient infected with 
HIV-1 is approximately 0.3% per exposure 
(95% confidence interval, 0.13% to 0.70%). The 
risks associated with occupational mucous 
membrane and cutaneous exposures are sub- 
stantially smaller. These data support the use of 
barrier precautions and suggest a need for strat- 
egies that change health care providers’ atti- 
tudes and behaviors.—Michael A. Kass 


*Bldg. 10, Rm. 2C146, National Institute of Health, 
9000 Rockville Pike, Bethesda, MD 20892. 


Infection with human immunodeficiency virus 
type 1 (HIV-1) among recipients of antibody- 
positive blood donations. Donegan, E., Stuart, 
M., Niland, J. C., Sacks, H. S., Azen, S.P., 
Dietrich, S. L., Faucett, C., Fletcher, M. A., 
Kleinman, S. H., Operskalski, E. A., Perkins, 
H.. A., Pindyck, J., Schiff, E. R., Stites, D. P., 
Tomasulo, P. A., Mosley, J. W.*, and the Trans- 
fusion Safety Group: Ann. Intern. Med. 
113:733, 1990. 


BLOOD RECIPIENTS, HUMAN IMMUNODEFICIENCY 
VIRUS TYPE 1 


The authors retrospectively tested approxi- 
mately 200,000 blood component specimens 
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stored in late 1984 and 1985 before tests for the 
human immunodeficiency virus were available. 
Recipients of HIV-1-positive specimens were 
then contacted and seen at three- to six-month 
intervals for up to four years for clinical and 
immunologic examination. One hundred thirty- 
three individuals received HIV-1-positive 
transfusions or other blood products. Nine of 
these individuals were excluded from the anal- 
ysis because they had other possible exposures 
to HIV-1. Excluding these cases, 111 of 124 
(89.5%) recipients were anti-HIV-1 positive. 
The type of blood component and the recipi- 
ent’s sex, age, and underlying condition did not 
influence the infection rates. The cumulative 
risk for developing the acquired immunodefi- 
ciency syndrome within 38 months after trans- 
fusion with HIV-1-positive material was 13%. 
By three years after the index transfusion, 
seropositive recipients had substantial altera- 
tions of their lymphocyte subsets. Thus trans- 
fusion of anti-HIV-1-positive blood infected 
90% of recipients. The rate of progression to 
AIDS within the first 38 months after infection 
was similar to that reported for homosexual 
men and hemophiliacs.—Michael A. Kass 


“University of Southern California, 1840 N. Soto St. 
(EDM 108), Los Angeles, CA 90032. 


Loose connections between peer-reviewed 
Clinical journals and clinical practice. 
Haynes, R. B.*: Ann. Intern. Med. 113:724, 
1990. 


MEDICAL JOURNALS, DISSEMINATION OF 
INFORMATION 


Many important advances in medical care are 
first reported in the biomedical literature. Many 
physicians, however, are overwhelmed by the 
literature and are therefore unaware of the 
advances. The author believes that peer-review 
clinical journals impede the dissemination of 
validated advances to practitioners by mixing a 
few rigorous studies (communications from sci- 
entists to practitioners) with many preliminary 
investigations (communications from scientists 
to scientists). He advocates that journals wish- 
ing to improve communication with practition- 
ers should feature rigorous studies of the na- 
ture, cause, prognosis, diagnosis, prevention, 
and treatment of disease and should feature 
sound clinical review articles. The author also 


advocates improving publication standards for 
clinical journals, providing more informative 
abstracts for clinical articles, fostering the de- 
velopment of derivative literature services, and 
enhancing practitioners’ skills in critically ap- 
praising the medical literature.—Michael A. 
Kass 


“Health Information Research Unit, Room 3H7, Mc- 
Master University Medical Center, 1200 Main St. W., 
Hamilton, Ontario, Canada L8N 3Z5. 


Overall mortality and cancer mortality around 
French nuclear sites. Hill, C.*, and Laplanche, 
A.: Nature 347:755, 1990. 


NUCLEAR REPROCESSING PLANTS, LEUKEMIA 


Higher than expected mortality from leuke- 
mia has been observed in the population under 
age 25 living around Sellafield and Dounreay, 
nuclear reprocessing plants in the United King- 
dom. We report the results of a similar study for 
the population residing around nuclear sites in 
France. The number of leukemia deaths was 58, 
comparable to the 62 in control areas, and 
slightly less than the 67 expected from national 
mortality statistics. Twelve deaths due to Hodg- 
kin’s disease were observed around nuclear 
Sites; this is about twice the number of Hodg- 
kin’s deaths observed in control areas and twice 
the number expected from national mortality 
statistics. This observation must, however, be 
interpreted in light of the fact that several 
causes of deaths were studied, increasing the 
play of chance.—Authors’ abstract 


“Department of Biostatistics and Epidemiology, IN- 
SERM U287, Institut Gustave Roussy, 94805 Ville- 
juif, France. 


Regression of coronary artery disease as a 
result of intensive lipid-lowering therapy in 
men with high levels of apolipoprotein B. 
Brown, G.*, Albers, J.J., Fisher, L.D., 
Schaefer, S. M., Lin, J.-T., Kaplan, C., Zhao, 
X.-Q., Bisson, B. D., Fitzpatrick, V. F., and 
Dodge, H. T.: N. Engl. J. Med. 323:1289, 1990. 


CORONARY ARTERY DISEASE, CORONARY ARTERY 
ATHEROSCLEROSIS, LIPID-LOWERING THERAPY 


It is unclear whether the progression of ather- 
osclerosis can be retarded or reversed by reduc- 
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ing low-density lipoprotein cholesterol levels. 
One hundred forty-six men who had docu- 
mented coronary artery disease, a family histo- 
ry of vascular disease, and apolipoprotein B 
levels greater than 125 mg/dl, were randomly 
assigned to one of three treatments. All pa- 
tients received dietary counseling and Group 1 
also received 20 mg of lovastatin twice a day 
and 10 g of colestipol three times daily. Group 2 
received 1 g of niacin four times a day and 10 g 
of colestipol three times a day. Group 3 re- 
ceived placebo. The groups treated with 
lovastatin and colestipol and niacin and 
colestipol had substantial changes in the levels 
of both low-density lipoprotein and high-den- 
sity lipoprotein. In the placebo group, 46% of 
the patients had definite progression of lesions 
in at least one of nine proximal coronary seg- 
ments; regression of lesions was seen in 11% of 
patients. By comparison, progression was less 
frequent among the patients who received 
lovastatin and colestipol (21%) and those who 
received niacin and colestipol (25%), and re- 
gression was more frequent (lovastatin and col- 
estipol, 32%; niacin and colestipol, 39%). Mul- 
tivariate analysis indicated that a reduction in 
the level of apolipoprotein B and in systolic 
blood pressure and an increase in high-density 
lipoprotein cholesterol correlated indepen- 
dently with regression of coronary lesions. 
Noteworthy changes in clinical status (death, 
myocardial infarction, or revascularization for 
worsening symptoms) occurred in ten of 52 
patients assigned to conventional therapy as 
compared with three of 46 assigned to receive 
lovastatin and colestipol and two of 48 assigned 
to receive niacin and colestipol. In men with 
coronary artery disease, intensive lipid-lower- 
ing therapy reduced the frequency of progres- 
sion of coronary lesions, increased the frequen- 
cy of regression, and reduced the incidence of 
cardiovascular complications.—Michael A. 
Kass 


*Cardiology Division, RG-22, University of Washing- 
ton, Seattle, WA 98195. 


Three cases of EB virus-associated uveitis. 
Usui, M.*, and Sakai, J.: Int. Ophthalmol. 
14:371, 1990. 


EPSTEIN-BARR VIRUS, UVEITIS 


Epstein-Barr virus, a DNA virus of the herpes 
group, has been strongly linked to Burkitt's 


lymphoma, nasopharyngeal carcinoma, infec- 
tious mononucleosis, and rheumatoid arthritis. 
Three patients with uveitis who were otherwise 
healthy and had no evidence of infectious mon- 
onucleosis were examined. All the patients had 
an upper respiratory prodrome and then 
developed severe bilateral anterior uveitis a few 
weeks later. The patients also had marked hy- 
peremia and edema of the optic disks but little 
vitreous inflammation. The patients responded 
well to systemic corticosteroids, but recurrenc- 
es were common. Paracentesis of the anterior 
chamber was performed in all three patients 
and increased titers to Epstein-Barr virus 
capsid antigen were found. In contrast, 37 pa- 
tients with cataract and 14 patients with other 
types of uveitis all lacked antibodies to Epstein- 
Barr virus in the aqueous humor.—Michael A. 
Kass 


*Tokyo Medical College Hospital, Nishishinjuku, 
Shinjuku-ku, Tokyo, Japan. 


Multicenter trial of cryotherapy for retinopa- 
thy of prematurity. One-year outcome. Struc- 
ture and function. Cryotherapy for Retinopa- 
thy of Prematurity Cooperative Group*: Arch. 
Ophthalmol. 108:1408, 1990. 


RETINOPATHY OF PREMATURITY, CRYOTHERAPY 


This study of the safety and efficacy of cryo- 
therapy in treating severe retinopathy of pre- 
maturity registered 9751 infants with birth 
weights less than 1251 g at 23 study centers. 
Two hundred ninety-one infants developed a 
defined threshold retinopathy of prematurity, 
and cryotherapy was performed in approxi- 
mately half of the eyes through a randomiza- 
tion protocol. Twelve months after randomiza- 
tion, results of masked grading of fundus 
photographs of the posterior pole were similar 
to results obtained 3 months after randomiza- 
tion, and indicated an unfavorable outcome in 
25.7% of the eyes that received cryotherapy 
compared with 47.4% of the control eyes (P < 
.0001). For the first time, masked Teller Acuity 
Card assessment of grating acuity was per- 
formed in this study group and indicated an 
unfavorable functional outcome in 35.0% of the 
treated eyes compared with 56.3% of the con- 
trol eyes (P < .0001). These results indicate that 
cryotherapy reduces the risk of unfavorable 
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retinal and functional outcome from threshold 
retinopathy of prematurity.—Authors’ abstract 


*“CRYO-ROP Headquarters, Department of Ophthal- 
mology L467, Oregon Health Sciences University, 
3181 S.W. Sam Jackson Park Rd., Portland, OR 
97201. 


Relationship of drusen and abnormalities of 
the retinal pigment epithelium to the progno- 
sis of neovascular macular degeneration. 
Bressler, S.B.*, Maguire, M.G., Bressler, 
N. M., Fine, S. L., and the Macular Photocoag- 
ulation Study Group: Arch. Ophthalmol. 
108:1442, 1990. 


MACULAR DEGENERATION, RISK FACTORS FOR 
NEOVASCULAR MEMBRANES, LARGE DRUSEN, 
FOCAL HYPERPIGMENTATION OF THE RETINAL 
PIGMENT EPITHELIUM 


We graded macular features of 127 fellow 
eyes of participants in the Macular Photocoagu- 
lation Study who had an extrafoveal choroidal 
neovascular membrane secondary to age-re- 
lated macular degeneration in the first eye and 
no initial evidence of the neovascular form of 
age-related macular degeneration in the fellow 
eye. Our aims were to determine the relation- 
ship of drusen characteristics and retinal pig- 
ment epithelial abnormalities to the risk of 
subsequent development of neovascularization 
in the fellow eye and the risk of subsequent 
development of recurrent neovascular mem- 
branes after photocoagulation in the first eye. 
Regression analysis demonstrated that the pres- 
ence of large drusen and focal hyperpigmenta- 
tion of the retinal pigment epithelium were 
independent risk factors for the subsequent 
development of neovascularization in the fel- 
low eye (relative risk, 2.4 and 2.5, respectively). 
Only 10% of eyes with no large drusen or any 
retinal pigment epithelial hyperpigmentation 
compared with 58% of eyes with both large 
drusen and retinal pigment epithelial hyperpig- 
mentation developed neovascularization in the 
fellow eye within 5 years. Using multivariate 
Cox regression analysis, we noted that the risk 
of developing recurrent neovascular mem- 
branes in the first eye was significantly in- 
creased when large drusen (relative risk, 2.8) 
were noted in the fellow eye at the time of laser 
treatment in the first eye. Fundus features in the 
fellow eye appear to help identify patients at 


high risk of developing visual loss from recur- 
rent neovascular membranes following laser 
treatment in the first eye and from development 
of a neovascular membrane in the fellow eye.— 
Authors’ abstract 


*Ste. 900, 550 N. Broadway, Baltimore, MD 21205. 


Scatter photocoagulation restores tissue hy- 
poxia in experimental vasoproliferative 
microangiopathy in miniature pigs. Pour- 
naras, C. J.*, Tsacopoulos, M., Strommer, K., 
Gilodi, N., and Leuenberger, P. M.: Ophthal- 
mology 97:1329, 1990. 


RETINAL ISCHEMIA, BRANCH VEIN OCCLUSION, 
RETINAL PHOTOCOAGULATION 


Argon laser photocoagulation is used to treat 
a variety of ischemic diseases of the retina. It is 
unclear why photocoagulation is helpful in 
these conditions, although one common theory 
is that photocoagulation destroys portions of 
the retinal pigment epithelium and retina, 
which allows oxygen to diffuse from the cho- 
roid to the inner retina. The authors used an 
argon laser to produce superotemporal branch 
vein occlusions at the first bifurcation in minia- 
ture pigs. Three weeks later these animals were 
noted to have ischemic vasoproliferative retinal 
microangiopathy as confirmed by fluorescein 
angiography and fundus photography. A subset 
of the animals then underwent argon laser 
scatter photocoagulation in the ischemic retinal 
zones. The variables of treatment were spot size 
of 250 um, exposure time of 0.1 millisecond, 
and power of 150 to 250 mW. The power was 
adjusted to produce a visible whitening in the 
deep retinal layers. Preretinal partial pressure 
oxygen measurements were made using oxy- 
gen-sensitive microelectrodes. The normal pre- 
retinal partial pressure of oxygen is 27.3 + 2.9 
mm Hg. Five weeks after experimental branch 
vein occlusion, the preretinal partial pressure 
oxygen level was 13.7 + 1.1 mm Hg in the 
nontreated areas and 28.0 + 3.0 mm Hg in the 
treated areas. Thus scatter photocoagulation of 
the ischemic retinal areas returned local preret- 
inal partial pressure of oxygen to physiologic 
levels.—Michael A. Kass 


*University Eye Clinic, 22 rue Alcide-Jentzer, 1211 
Genève 4, Switzerland. 


NEWS ITEMS 


Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 1'2-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


National Eye Institute: 12th Annual Clinical 
Vision Research Course 


The National Eye Institute will hold its 12th 
Annual Clinical Vision Research Course, Clini- 
cal Vision Research—Epidemiologic and Bio- 
statistical Approaches, at the Longboat Key 
Club in Longboat Key, Florida, April 24-27, 
1991. For further information, write Christine 
Stewart, Stewart International, Ltd., 87-91 
Boylston St., Brookline, MA 02146; telephone 
(617) 738-1575 or (800) 441-8666. 


German Ophthalmological Society: 
International Symposium—Update on 
Infectious Diseases of the Eye 


The German Ophthalmological Society will 
hold an international symposium, Update on 
Infectious Diseases of the Eye, Sept. 19-21, 
1991, in Bonn-K6éln, Germany. For further in- 
formation, write Alexander A. Bialasiewicz, 
M.D., University Eye Hospital Bonn, Sigmund 
Freud Str. 25, 53 Bonn 1, Germany. 


The Fourth International Cataract, Implant, 
Microsurgical and Refractive Keratoplasty 
Meeting 


The Fourth International Cataract, Implant, 
Microsurgical and Refractive Keratoplasty 
Meeting will be held at the Intercontinental 
Hotel in Seoul, Korea, May 8-10, 1991. For 
further information, write Jae Ho Kim, M.D., 
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Department of Ophthalmology, Kangnam St. 
Mary’s Hospital, Catholic University Medical 
College, 505, Banpo-dong, Seocho-ku, Seoul 
137-040, Korea; telephone 82-2-593-5141 (ext. 
1335); Fax 82-2-533-6718. 


First World Congress of Medical Polonia 


The First World Congress of Medical Polonia 
(physicians of Polish extraction) will be held 
June 19-23, 1991, in Czestochowa, Poland. For- 
eign physicians are welcome. For further infor- 
mation, write Krzysztof Muskalski, M.D., First 
World Congress of Medical Polonia, Dr. Rydy- 
gier’s Surgical Hospital, ul. Mirowska 25, 42- 
200 Czestochowa, Poland. 


The Johns Hopkins Medical Institutions: 
Design and Analysis Issues in Clinical Trials 


The Johns Hopkins Institutions will sponsor a 
course, Design and Analysis Issues in Clinical 
Trials, June 13 and 14, 1991. For further infor- 
mation, write the Program Coordinator, Johns 
Hopkins Medical Institutions, Office of Contin- 
uing Education, Turner Bldg., 720 Rutland Ave., 
Baltimore, MD 21205; telephone (301) 955- 
2959. 


Lenox Hill Hospital: Phacoemulsification 
Course 


Lenox Hill Hospital will sponsor a course, 
Phacoemulsification, April 26, 1991, at the New 
York Helmsley Hotel. An additional course, 
Phacoemulsification Wet Lab, will be held April 
27, 1991, at the hospital. For further informa- 
tion, write Gabrielle Coren, Department of 
Ophthalmology, Lenox Hill Hospital, 100 E. 
77th St., New York, NY 10021; telephone (212) 
439-2385. 


Long Island Jewish Medical Center and 
North Shore University Medical Center: A 
Clinical Day in Ophthalmology—Medical 
Retina 


The Long Island Jewish Medical Center and 
North Shore University Medical Center will 
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sponsor a clinical day in ophthalmology, Medi- 
cal Retina, at the Holiday Inn Crowne Plaza 
(LaGuardia Airport), East Elmhurst, New York, 
March 27, 1991. For additional information, 
write Ann J. Boehme, CMP, Continuing Educa- 
tion Coordinator, Long Island Jewish Medical 
Center, New Hyde Park, NY 11042; telephone 
(718) 470-8650. 


Lyme Borreliosis Foundation: Unlocking the 
Pathogenesis of Borrelia burgdorferi and 
Implications for Patient Management 


The Lyme Borreliosis Foundation, headquar- 
tered in Tolland, Connecticut, and the UCLA 
Department of Continuing Education in Health 
Sciences will cosponsor a conference, Unlock- 
ing the Pathogenesis of Borrelia burgdorferi and 
Implications for Patient Management, April 26 
and 27, 1991, at the Guest Quarters Hotel in 
Santa Monica, California. For additional infor- 
mation, write Lori Chaponis, R.N., Lyme Borre- 
liosis Foundation, P.O. Box 403, Tolland, CT 
06084; telephone (203) 871-2900. 


Manhattan Eye, Ear and Throat Hospital: 
Contact B- and A-Scan Ultrasonography for 
the Clinician 


The Manhattan Eye, Ear and Throat Hospital 
will sponsor a course, Contact B- and A-Scan 
Ultrasonography for the Clinician, April 6, 
1991, in New York City. Yale L. Fisher, M.D., is 
the course director. For additional information, 
write Kimberly Corbin, Course Coordinator, 
Department of Ophthalmology, Manhattan 
Eye, Ear & Throat Hospital, 210 E. 64th St., 
New York, NY 10021; telephone (212) 605- 
3761. 


Medical College of Wisconsin: Current 
Concepts in Ophthalmology 


The Medical College of Wisconsin will spon- 
sor a course, Current Concepts in Ophthalmol- 
ogy, June 7-9, 1991, at The American Club in 
Kohler, Wisconsin. For further information, 
write Gary Abrams, M.D., Eye Institute, Medi- 
cal College of Wisconsin, 8700 W. Wisconsin 
Ave., Milwaukee, WI 53226; telephone (414) 
257-5353. 


Rochester Eye Institute: 15th Annual 
Seminar 


The Rochester Eye Institute will conduct its 
15th Annual Seminar at the Rochester Riverside 
Convention Center June 13 and 14, 1991. For 
further information, write Catherine Sgabel- 
lone, R.N., Rochester Eye Institute, 919 West- 
fall Rd., Rochester, NY 14618; telephone (716) 
461-8427. 


The American Society of Ophthalmic Plastic 
and Reconstructive Surgery: 1991 Officers 


The new officers of The American Society of 
Ophthalmic Plastic and Reconstructive Sur- 
gery, Inc., for 1991 are president, Arthur S. 
Grove, Jr., succeeding Bernice Z. Brown. The 
vice-president is Albert Hornblass, succeeding 
John A. Burns. The treasurer is Gerald J. Harris, 
succeeding George L. Paris. The secretary is 
John N. Harrington, succeeding William R. 
Nunery. The program chairman is Bradley N. 
Lemke, succeeding Paul T. Gavaris. John A. 
Burns was named president-elect, succeeding 
Arthur S. Grove. The executive secretary is 
Daniel L. McLachlan, 111 N. Wabash St., Chi- 
cago, IL 60602. 


Pan-American Association of 
Ophthalmology: 1991 Officers 


Robert C. Drews, of Clayton, Missouri, suc- 
ceeded Enrique Malbran, of Buenos Aires, 
Argentina, as president of the Pan-Ameri- 
can Association of Ophthalmology. Francisco 
Contreras, of Lima, Peru, was named president- 
elect; Alice McPherson, of Houston, Texas, is 
vice-president; Paul Lichter, of Ann Arbor, 
Michigan, is secretary-treasurer for the English 
language. Francisco Martinez Castro, of Mexico 
City, Mexico, is secretary-treasurer for the 
Spanish language, and Rubens Belfort, of São 
Paulo, Brazil, is secretary-treasurer for the Por- 
tuguese language. 


11th Clement McCulloch Lecture 


Dr. Henk Sperkreijse, professor and director 
of the Dutch Interuniversity Eye Institute of 
Amsterdam, Netherlands, will give the 11th 
Clement McCulloch Lecture, April 5, 1991, in 
Toronto, Ontario, Canada. The Lecture will be 
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given during the 33rd annual departmental 
research meeting of the Department of Oph- 
thalmology, University of Toronto. For further 
information, write G. E. Trope, M.D., Depart- 
ment of Ophthalmology, Toronto General Hos- 
pital, Eaton Bldg., 5-306, Toronto, Ontario, 
M5G 2C4, Canada. 


Minnesota Academy of Ophthalmology: 
22nd Annual William L. Benedict Lecture 


The Minnesota Academy of Ophthalmology 
presented the 22nd Annual William L. Benedict 
Memorial Lecture at its meeting Jan. 11, 1991. 
Robert L. Herbst, president of the Lake Superi- 
or Center in Duluth, Minnesota, was the guest 
speaker. Dr. Benedict was president of the Oph- 


thalmic Publishing Company at the time of his 
death in 1969. 


Personal 


John L. Wobig 


John L. Wobig has been appointed the first 
recipient of the Lester T. Jones Endowed Pro- 
fessorship in Ophthalmic Plastic and Recon- 
structive Surgery at the Casey Eye Institute, 
Oregon Health Sciences University, Portland, 
Oregon. The chair was established in 1990 in 
honor of Lestet T. Jones, M.D., a founding 
father of lacrimal and reconstructive surgery. 
Dr. Wobig was on the clinical faculty of the 
Oregon Health Sciences University before ac- 
cepting the full-time position as director of the 
Ophthalmic Plastic and Reconstructive Surgery 
Service. 
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Tears Naturale” ' 
Lubricant Eye Drops Tears Plus Solution. 


è Disrupted cell and lysosomal 
membranes as evidenced by loss of 


neutral red dye from lysosomes. Comfortable, convenient and mild. 


® 
lear S Plus Lubricant Ophthalmic Solution 


Available in 15 mL and 30 mL multidose bottles. 
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